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Thermal expansion and transformations of K2so 4 , K2cro 4 , 
K2Moo 4 , and K2wo 4 were studied by high temperature diffrac-
tometry, differential thermal analysis, and dilatometry. 
K2so4 and K2cro4 transform from an orthorhombic to a 
hexagonal structure at 580°C and 670°C respectively, with 
initiation of the transformation probably related to 
increased amplitude of S-O tetrahedral vibrations. 
and K2wo4 transform from a monoclinic to an orthorhombic 
structure at 300° and 370°C respectively. A minor K2Moo 4 
transformation between the orthorhombic and hexagonal 
phases was found at 450°C. K2wo4 shows similar minor 
transformations at 450° and 600°C. 
The systems K2 so4-K2cro 4 , K2so 4-K2Mo0 4 , K2so 4-K2wo 4 , 
K2cro4-K2Moo4 , K2cro4-K 2wo 4 , and K2Moo 4 -K2wo 4 were studied. 
The K2so4 -K2cro4 and K2Moo4 -K2wo 4 systems show complete 
solubility with linear variations of the transformation 
temperatures with composition. The remaining systems show 
partial solubility with eutectoids. Eutectoids in the 
sulfate systems are at approximately 310°C, 80% K2Moo 4 
and 350°C, 60% K2wo 4 . In the chromate systems, eutectoids 
are approxiamately 300°C, 70% K2Moo 4 , and 375°C, 70% K2wo 4 . 
Complete solubility of all high temperature hexagonal 
phases was observed. 
Structural relationships were shown and possible 
transition mechanisms were suggested. 
iii 
ACKNOWLEDGEMENT 
The author wishes to acknowledge the aid and advice 
of Dr. Charles A. Sorrell, major advisor. He is grateful 
to Dr. Harlan u. Anderson for his assistance in the use 
of the dilatometer. The author thanks Mr. Robert Doerr 
for assistance with the computer programs. The author 
appreciates the many useful discussions with his fellow 
students, especially Mr. Damri Sukhotanang. The financial 
support of the Ceramic Engineering Department is appreci-
ated. 
iv 




LIST OF ILLUSTRATIONS vi 
LIST OF TABLES X 
I. INTRODUCTION. . . • . • . . • . . . . . . • . . . • . . . . . . • • . . . • . . • 1 
A. Structure.................................. 1 
B. Transformations • . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
C • S y sterns . . • . . . • . . . . . . . . • . . • . . . . . . . . . . • . . . . . . 6 
II. EXPERIMENTAL PROCEDURE ...••.................... 24 
A. Specimen Preparation ....................... 24 
B. X-Ray Diffraction .....•.•..•........••••... 24 
c . . Differential Thermal Analysis .•..•...•..... 25 
D. Thermal Expansion Measurements ......•...... 26 
E. Computer Programs ..•...............•.•..... 26 
1. Calculation of Heat and Quench Unit 
Cell Lattice Parameters ................ 26 
2. Calcul~tion of Lt/L25 Thermal Expans1on Data ........•.........•...... 27 
3 • Reg res s ion An a 1 y s i s . . . . . . . . . . . • . . . . . . . . 2 7 
III. RESULTS. . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 2 8 
A. K2 so4 •••••••••••••••••••••••••••••••••••••• 28 
B • K 2 C rO 4 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4 0 
C • K 2 Mo 0 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . 4 2 
D. K2W04 ..........•. • .. • ..... •................ 49 
v 
Table of Contents (continued) 
IV. 





K2so4 -K 2cro4 ....•..................•... 
K2 SO 4 - K 2Mo0 4 ••..•.•.••.••..•••••....•.• 
K2 S 0 4 - K2 WO 4 •••••••••••••••••••••••••••• 







5 • K2 CrO 4 - K2 WO 4 • . . • • . • • • • • • . • . . . • . . • . • . . . • 14 9 
6. K2Moo4 -K2wo 4 ••••••••••••••••••••••••••• 160 








Transformations. . ......................... . 
Systems .••...••••....••..•........•.•....•. 
BIBLIOGRA.PHY ••. •.•••.•..•.•.....••.•.....•....••..•... 178 
VITA .................................................. 182 
APPENDIX. . • . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . 18 3 
vi 
LIST OF ILLUSTRATIONS 
Figure Page 
1. K2so4 -K2cro4 System- Literature .......••.•••..• 17 
2. K2so 4-K 2Moo 4 System by Amadori ...•.....•.•.•.... 18 
3. K2so4 -K2wo 4 System by Amadori .....•.......•..... 19 
4. K2cro4 -K2Moo4 System by Amadori .•..............• 20 
5. K2cro4-K2wo 4 System by Amadori .........•.•...... 21 
6. K2 Moo 4 -K2wo 4 System by Amadori •...........•..... 22 
7. Lattice Parameters of K2so4 at Elevated Temperatures.................................... 29 
8. K 2so4 Expansion Results of Majumdar and Roy ....• 30 
9. K 2 so4 Dilatometer Expansion Data •••......••.•... 34 
10. DTA Thermograms of the Compounds ••.......•.•••.. 35 
11. K2 cro4 Dilatometer Expansion Data ••...•.••.••..• 41 
12. K2 Moo 4 Dilatometer Expansion Data •••..•.•...•.•• 43 
13. K 2wo 4 Dilatometer Expansion Data .••.....•••...•• 61 
14. The System K2so4-K2cro4 .•.•...•.•••.....•••.•.•• 63 
15. K2s0.8cro.2°4 Dilatometer Expansion 
16. K2 8 0.6cro.4°4 Dilatometer Expansion 
17. K2 8 0.4cro.6°4 Dilatometer Expansion 
18. K2 8 0.2cro.a0 4 Dilatometer Expansion 
19. 500°C K2so4 -K2Cro4 Heat and Quench 
20. 600°C K2so4 -K2cro4 Heat and Quench 
21. 650°C K2so4-K2cro 4 Heat and Quench 


















List of Illustrations (continued) 
Figure Page 
23. 75 
24. 1000°C K2so 4 -K2cro4 Heat and Quench Data ........ 76 
25. The System K2so4 -K2Moo 4 ......................... 84 
26. Typical DTA Thermograms in the System 
K 2 so 4 -K2Mo0 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
27. K2s 0 _9Mo 0 _1o 4 Dilatometer Expansion Data ........ 87 
28. K2s 0 . 8Mo 0 . 2o 4 Dilatometer Expansion Data ........ 88 
29. K2 s 0 . 7Mo 0 . 3o 4 Dilatometer Expansion Data .•...... 89 
30. K2 s 0 . 6Mo 0 . 4o 4 Dilatometer Expansion Data ........ 90 
31. K2 s 0 . 5Mo 0 . 5o 4 Dilatometer Expansion Data ........ 91 
32. K2s 0 _4Mo 0 • 6o 4 Dilatometer Expansion Data ........ 92 
33. K2s 0 . 3Mo 0 . 7o 4 Dilatometer Expansion Data •....... 93 
34. K2 s 0 • 2Mo 0 _8o 4 Dilatometer Expansion Data ........ 94 
35. K2 s 0 • 1 Mo 0 . 9o 4 Dilatometer Expansion Data ........ 95 
36. 250°C K2so4 -K2Moo 4 Heat and Quench Data ......... 99 
37. 400°C K2so4 -K.2Moo 4 Heat and Quench Data ......... 100 
38. 600°C K2so4 -K2Moo4 Heat and Quench Data ..•...... 101 
39. 800°C K2so4 -K2Moo4 Heat and Quench Data ......... 102 
40. The System K2so4-K2wo 4 .....•.................... 108 
41. Typical DTA Thermograms in the System 
K2so 4-K2wo 4 ..................•.....•............ 111 
42. K2 s 0 . 9w0 _1 o 4 Dilatometer Expansion Data ......... 113 
43. K2s 0 . 8w0 • 2o 4 Dilatometer Expansion Data ......... 114 
44. K2 s 0 . 7w0 _3o 4 Dilatometer Expansion Data .•....... 115 
viii 
List of Illustrations (continued) 
Figure Page 
45. K2s 0 _6w0 . 4 o 4 Dilatometer Expansion Data ......... 116 
46. K2s 0 . 5w0 . 5o 4 Dilatometer Expansion Data ......... 117 
47. K2 s 0 _4w0 . 6o 4 Dilatometer Expansion Data ......... 118 
48. K2s 0 . 3w0 . 7o 4 Dilatometer Expansion Data ......... 119 
49. K2s 0 _2w0 _8o Dilatometer Expansion Data ...•....• 120 
50. 250°C K2so4 -K2wo4 Heat and Quench Data .......... 123 
51. 500°C K2so4 -K2wo 4 Heat and Quench Data .......... 124 
52. 600°C K2so4 -K2wo4 Heat and Quench Data .......... 125 
53. 650°C K2so4 -K2wo 4 Heat and Quench Data .......... 126 
54. 700°C K2so4 -K2wo4 Heat and Quench Data .......... 127 
55. 800°C K2so4 -K2wo4 Heat and Quench Data .......... 128 
56. The System K2cro 4 - K2Moo 4 .........•..........•.. 136 
57. K2cr0 _9 Mo 0 . 1 o 4 Dilatometer Expansion Data ....... 138 
58. K2cr0 . 8Mo 0 . 2o 4 Dilatometer Expansion Data ....... 139 
59. K2cr0 . 7Mo 0 . 3o 4 Dilatometer Expansion Data ....... 140 
60. K2cr0 . 6Mo 0 . 4o 4 Dilatometer Expansion Data ....... 141 
61. K2cr0 . 5Mo 0 . 5o 4 Dilatometer Expansion Data •...... 142 
62. K2cr0 . 4Mo 0 . 6o 4 Dilatometer Expansion Data ....... 143 
63. K2cr0 . 2Mo 0 . 8o 4 Dilatometer Expansion Data ....... 144 
64. K2cr0 _1Mo 0 . 9o 4 Dilatometer Expansion Data ....... 145 
65. The System K2cro 4-K2wo 4 ......................... 150 
66. K2cr0 . 9w0 _1o 4 Di1atometer Expansion Data ........ 152 
67. K2cr0 . 8w0 . 2o 4 Di1atometer Expansion Data ........ 153 
List of Illustrations (continued) 
Figure 
68. K2Cr0.7w0.3°4 Dilatometer Expansion 
69. K2Cr0.6w0.4°4 Dilatometer Expansion 
70. K2Cr0.4w0.6°4 Dilatometer Expansion 











72. The System K2Moo 4-K2wo 4 .•..............••..•... 161 
73. Monoclinic a-c Projection ••.................... 165 
74. Monoclinic Cell with Pueudo-Orthorhombic Axes .. 166 
75. Orthorhombic b-e Projection •............•..••.. 167 
7 6. Hexagonal a 1 -a2 Projection. . . . . . . • . . . • . . • . . • . . . 16 8 
77. Orthorhombic Cell with Pseudo-Hexagonal Axes ... 169 
78. Monoclinic a-b Projection ••.•...•• ~ ....••.....• 173 
X 
LIST OF TABLES 
Table Page 
I Reported Lattice Parameters of K2 SO 4 ........... 2 
II Reported Lattice Parameters of K2 Cr0 4 ...•...•.. 3 
III Reported Atomic Coordinates of K2 SO 4 ...••...•.• 4 
IV Reported Atomic Coordinates of K2 Cr0 4 .•........ 5 
v Reported Lattice Parameters of K2Mo0 4 .......... 7 
VI Reported Lattice Parameters of K2 WO 4 ........... 8 
VII Reported Atomic Coordinates of K2 Mo0 4 ...•...... 9 
VIII Reported Atomic Coordinates of K2 WO 4 ......•.... 10 
IX Reported Transformation Temperatures of 
K2S04 (°C)..................................... 11 
X Reported Transformation Temperatures of 
K 2 CrO 4 ( ° C) . . . • • . • • . • . . • . . . . . . . • • • • . . . . . • . . . . . . 12 
XI Reported Transformation Temperatures of 
K2 MoO 4 ( ° C) . . . . • • • • . • . . . . • • . . . . . . • . . . • . . • . . . . . . 13 
XII Reported Transformation Temperatures of 
K 2 WO 4 ( ° C) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 14 
XIII Summary of Reported Structures and Transition 
Temperatures of K2so4 , K2cro4 , K2Moo 4 , and K 2 WO 4 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 15 
XIV Lattice Parameters of K2so 4 at Elevated Temperatures................................... 31 
XV Regression Coefficients of K2so 4 Expansion Data 32 
XVI K2so4 X-Ray Powder Data at 587°C ............... 36 
XVII K2 so4 X-Ray Powder_ Data at 648°C ............... 38 
XVIII Regression Coefficients of K2 so4 , K2cro4 , K2Moo 4 , and K2wo 4 Dilatometer Data .......•..... 39 
XIX K2Moo 4 X-Ray Powder Data at 284°C .............. 44 
XX K2Moo 4 X-Ray Powder Data at 376°C •...•......... 46 
XXI K2Moo 4 X-Ray Powder Data at 546°C .............. 50 
xi 
List of Tables (continue) 
Table Page 
XXII K2wo 4 X-Ray Powder Data at 364°C ............... 52 
XXIII K2wo 4 X-Ray Powder Data at 443°C ............... 54 
XXIV K2wo4 X-Ray Powder Data at 549°C ............... 57 
XXV K2wo 4 X-Ray Powder Data at 635°C ............... 59 
XXVI Event Temperatures ( oc) in K2so 4-K 2cro 4 ........ 64 
XXVII Regression Coefficients of K2so 4 -K2cro4 Dila-tometer Data................................... 70 
XXVIII K2so4 -K2cro 4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 500°C ... 77 
XXIX K2so4 -K2cro 4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 600°C ... 78 
XXX K2so 4 -K2cro4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 650°C ... 79 
XXXI K2so 4-K2cro4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 700°C ..• 80 
XXXII K2so 4-K 2cro 4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 900°C ... 81 
XXXIII K2so4-K2Cr0 4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 1000°C .. 82 
XXXIV Event Temperatures (°C) in K2so 4-K2Moo 4 ••.....• 85 
XXXV Regression Coefficients of K2so 4-K2Moo4 Dila-tome te r Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 7 
XXXVI K2 so -K2Mo0 Heat and Quench Data Lattice Parimeters of Samples Fired at 250°C •.. 103 
XXXVII K2so -K 2Moo 4 Heat and Quench Data Lattice Parameters of Samples Fired at 400°C ... 104 
XXXVIII K2so 4-K2Moo 4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 600°C .•. 105 
XXXIX K2so 4 -K2Moo 4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 800°C ... 106 
xii 
List of Tables (continue) 
Table Page 
XL Event Temperatures (°C) in K2so4-K2wo4 ......... 109 
XLI Regression Coefficients of K2so4 -K2\-vo 4 Dila-tometer Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
XLII K2so4-K2wo 4 Heat and Quench Dat~ Latt1ce Parameters of Samples F1red at 250°C ... 129 
XLIII K2so4 -K2wo4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 500°C ... 130 
XLIV K2so4 -K2wo 4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 600°C ... 131 
XLV K2so4-K 2wo 4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 650°C .•. 132 
XLVI K2so4-K2wo 4 Heat and Quench Dat~ Latt1ce Parameters of Samples F1red at 700°C ... 133 
XLVII K2so 4 -K2wo 4 Heat and Quench Data Latt1ce Parameters of Samples Fired at 800°C ... 134 
XLVIII Event Temperatures (°C) in K2cro4-K2Moo 4 ....... 137 
XLIX Regression Coefficients of K2cro4 -K 2Moo 4 Dila-tometer Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 7 
L Event Temperatures (°C) in K2cro4-K2wo 4 .•...... 151 
LI Regression Coefficients of K2cro 4-K2wo 4 Dila-tome te r Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 9 
LII DTA Event Temperatures (°C) in K2Moo 4-K2wo4 .... 162 
LIII Atomic Elevations in the Orthorhombic [100] 




At room temperature, S-K2so4 and K2cro4 are isostruc-
tural1-3 and have a tetramolecular orthorhombic pseudo-
hexagonal unit cell. The accepted space group is 
4-9 Pnma, although other reported space groups for K2so4 
are Prnrnn10- 13 and Prnrnrn. 14 The sulfate structure was 
first elucidated, although somewhat inaccurately, by 
Ogg7 in 1928. The structure was accurately delineated 
in 1958 by Robinson 9 and by Gaultier and Pannetier in 
1968. 6 The chromate structure was accurately determined 
by Zachariassen and Ziegler in 1931. 15 
At elevated temperatures K2so4 and K2cro4 assume a 
hexagonal (a) configuration. The structure has not been 
16 determined but may be similar to K 3Naso4 . Pannetier 
and Gaultier 8 have reported the space group to be P3ml. 
Reported lattice parameters and atomic coordinates of the 
sulfate and chromate phases are listed in Tables I to IV. 
Recent reports have shown that potassium molybdate 
and potassium tungstate are similar and have three dif-
22 23 ferent polymorphs. ' At room temperature the compounds 
have a tetramolecular monoclinic (y) unit cell, space 
C 2/ 23,24 . d' group m. At 1nterme late temperatures an 
orthorhombic (S) phase is assumed that is related to 
23 the S-K2so4 type structure. At elevated temperatures 



















Reported Lattice Parameters of K2so 4 
0 0 

















Bernard and Hocart4 
Ehrenberg and Hermann 5 
1 . d . 6 Gau t1er an Pannet1er 
Pannetier and Gau1tier 8 
b . 9 Ro 1nson 
Goeder11 
KochHo1m and Schoenfe1dt12 
Gossner14 
Ogg ahd Hopwood17 
Ogg18 
Goubeau, Ko1b, and Kra11 19 
Swanson and Fuyat 20 
Bernard and Hocart 4 
Pannetier and Max Gau1tier 8 




Reported Lattice Parameters of K2cro4 
0 0 0 
Temp. a (A) b (A) c (A) Author 
7.68 5.92 10.39 Colby 1 
7.663 5.919 10.391 Pis tori us 2 
7.45 5.88 10.30 KochHolm and 
Schoenfeldt ( 12) 
7.61 5.92 10.40 Zachariasen and 
Ziegler ( 15) 
705°C 6.125 8.245 Pis tori us 2 
TABLE III 
Reported Atomic Coordinates of K2so 4 













0 (1.) 4 (c) 0. 04538 
0(2) 4(c) 0.28986 
0(3) 8(d) 0.29959 
from Gaultier and Pannetier6 
s 
K ( 1) 
K(2) 
0 ( 1) 
0 ( 2) 
0 ( 3) 
from 
s 







































































Reported Atomic Coordinates of K2cro4 
Equivalent Positions: 4(c) ±(x,~,z; ~+x,~,~-z) 
8(d) ±(x,y,z; x,~+y,z; ~-x,y,~+z; ~+x,~-y,~-z) 
Atom 
Cr 
K ( 1) 
K ( 2) 
0 ( 1) 
0 ( 2) 


































25 Reported lattice parameters of all 
three phases and published atomic coordinates of the 
monoclinic phase are listed in Tables V to VIII. 
B. Transformations 
Potassium sulfate and chromate transform from the 
S-orthorhombic form to the a-hexagonal phase at about 
586° and 670°C, respectively. Two or three low tempera-
ture transformations, described as being second order, 28 
8 28 36 have been reported for K2 so4 . ' ' No low temperature 
Published transitions have been reported for K2cro4 . 
transformation temperatures for the sulfate and chromate 
are listed in Tables IX and X. 
From one to three transitions have been reported 
for K2Moo 4 (Table XI). It seems certain that the corn-
pound transforms at about 320°C and 450°C with the 
possibility of a third transformation at 480°C. The 
reported melting point is 920°C. 
Potassium tungstate has one or two transformations 
(Table XII) . Many investigators have reported a transi-
tion at about 370°C; several have reported a transforrna-
tion at about 460°C. The compound melts at 920°C. 
Structures and transformations of all four corn-
pounds are summarized in Table XIII. 
C. Systems 
The binary systems K2 so4 -K2cro4 , -K2Moo 4 , -K2wo 4 , 




Reported Lattice Parameters of K2Moo 4 
0 0 
a (A) b (A) 
Monoclinic 
25 12.348 6.081 
25 12.345 6.078 
25 12.348 6.081 
Orthorhombic 













van den Akker, 
Koster, Rieck ( 2 3) 
Kools, Koster, 
and :1ieck ( 2 6) 
Gatehouse and 
Leverett (24) 
van den Akker, 
Koster, Rieck (23) 
van den Akker, 
Koster, Rieck (23) 
Kessler, Hatterer 
Ringenb ach ( 2 5) 
8 
TABLE VI 
Reported Lattice Parameters of K2wo 4 
0 0 
a (A) b (A) 
Monoclinic 
25 12.380 6.117 
25 12.47 6.17 
25 12.380 6.117 
25 12.39 6.105 
Orthorhombic 














115.96° van den Akker, 
Koster, Rieck (23) 
113.0° Gatehouse and 
Leverett ( 24) 
115.96° Kools, Koster, 
and Rieck ( 26) 
115.96° Koster, Kools, 
and Rieck (27) 
van den Akker, 
Koster, Rieck (23) 
van den Akker, 
Koster, Rieck (23) 
Kessler, Hatterer, 
Ringenbach ( 2 5) 
9 
TABLE VII 
Reported Atomic Coordinates of Monoclinic K2Moo 4 
Equivalent Positions: 4(i) ±(xOz; x+l/2,1/2,z) 
8(j) ±(xyz; xyz; x+l/2,y+l/2,z; x+l/2,y+l/2,z) 
Atom Position X y z 
Mo 4 ( i) 0.17558 0 0.22671 
K ( 1) 4(i) 0.5094 0 0.2352 
K(2) 4 ( i) 0.8453 0 0.2550 
0 ( 1) 4 ( i) 0.3333 0 0.3824 
0 (2) 4 ( i) 0.0878 0 0.3618 
0 ( 3) 8(j) 0.1430 0.2334 0.0785 
from Gatehouse and Leverett 24 
10 
TABLE VIII 
Reported Atomic Coordinates of Monoclinic K2wo 4 
Equivalent Positions: 4(i) ±(xOz; x+l/2,1/2,z) 
8(j) ±(xyz; xyz; x+l/2,y+l/2,z; x+l/2,y+l/2,z) 
Atom Pos ition X y z 
w 4 ( i) 0.1755 0 0.2275 
K ( 1) 4 ( i) 0.510 0 0.235 
K(2) 4 ( i) 0.346 0 0.259 
0 (1) 4(i) 0.084 0 0.351 
0(2) 4(i) 0.336 0 0.377 
0 ( 3) 8(j) 0.141 0.239 0.074 
from Koster, Kools, d . k27 an R1ec 
11 
TABLE IX 
Reported Transformation Temperatures of K2so 4 (°C) 
a~S M.p. Author 
260 360 460 586 Pannetier and Gaultier 8 
(a,c) (a, b) (a,b,c) 
300 390 583 Majumdar and Roy 28 
300 350 449 586 Bernard and Jaffray 36 
590 B d' 16,21 re 1g 
579 Rao and Rao 30 
586 1072 Groschuff 31 
585 1066 Am d .32,33 a or1 
582 1067 van K1ooster34 
569 Hare 35 
12 
TABLE X 
Reported Transformation Temperatures of K2cro4 (°C) 
a+S M.p. Author 
670 950 Schmitz-Dumont and Weeg 37 
666 971 Groschuff 31 
663 p· . 2,38 lStOrlUS 
13 
TABLE XI 
Reported Transformation Temperatures of K2Moo 4 (°C) 
M.P. Author 
327 454 479 910 Klooster 34 van 
305 440 van den Akker, Koster, 
and Rieck ( 2 3) 
323 458 480 926 Heermann 39 
321 439 475 936 Schrnitz-Durnont37 
305 440 Caillet40 
475 926 Am d .32,33 a or1 
283 457 Isozaki and Ozawa 22 
500 Kuleshov 41 
14 
TABLE XII 
Reported Transformation Temperatures of K2wo 4 (°C) 
y:tS S.ta M.P. Author 
370 435 van den Akker, Koster, 
and Rieck ( 2 3) 
388 921 Klooster 34 van 
351-58 933 . 42, 43 van L1empt 
338 921 Hoermann 39 
370 Schmitz-Dumont 37 
370 455 Cail1et40 







Summary of Reported Structures and Transition 
Temperatures of K2so4 , K2cro4 , K2Moo4 , and K2wo4 
Phase Temp Phase Temp Phase 
( o C) ( oc) 
Orthorhombic 586 Hexagonal 
Pnma P3ml 
Orthorhombic 670 Hex~gonal 
Pnma P3ml 
Monoclinic 320 Orthorhombic 450 Hexagonal 
C2/m Pnma P3ml 
Monoclinic 370 Orthorhombic 460 Hexagonal 
C2/m Pnma P3ml 
M.P. 







in detail before 1920 (Figures 1 to 6). 31- 33 The system 
K2so4-K2cro4 shows complete solid solubility with the 
transformation temperature varying nearly linearly with 
16 
(F . 1) 31,32 1gure . The solidus and liquidus are not differ-
entiated nor is the two phase region between the high and 
low temperature polymorphs. Using optical methods on 
samples precipitated from aqueous solutions, Rittman and 
Hl.nnaw44 t d th · t f · 'b'l't f repor e e ex1s ence o a m1sc1 1 1 y gap rom 
about 5% to 90% chromate with a consolute at 60°C. Bergman 
45 
and Sanzharov reported an eutectic at 986°C, 20% K2so 4 . 
The systems K 2so 4 -K2 ~-1o0 4 , -K2WO 4 , K 2Cr0 4 -K2Mo0 4 , 
-K2wo 4 , and K 21'1oo4 -K2wo4 have been studied in detail only 
by Amadori in 1915 (Figures 2-6) . 32 ' 33 He reported only 
one transformation in each of the four components. Azeo-
tropic minima in the sulfate systems are indicated at 
920°C, 86% K 2Moo 4 and at 884°C, 75% K 2wo 4 . Bergman and 
45 Sanzharov reported an eutectic at 898°C, 65% K2wo 4 . No 
azeotropic minima were indicated in the chromate systems. 
Eutectoids were indicated at 420°C, 80% K2Moo 4 and 420°C, 
75% K2wo 4 . Bergman and Sanzharov
45 
reported an eutectic 
at 908°C, 48.5% K2wo4 . The molybdate-tungstate system shows 
complete solid solubility. The high temperature phases are 
isostructural and show complete solubility. Low temperature 
solubility limits were not delineated. With the knowledge 
that K2Moo 4 and K2wo 4 each have at least three different 
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have not been accurately delineated. 
The purposes of this study are two. The first is to 
characterize K2so4 , K2cro 4 , K2Moo 4 , and K2wo 4 with regard 
to thermal expansion, transformations, structure, and 
stability ranges of the polymorphic forms. 
The second area of study deals with phase equilibria 
in the systems K2so4 -K2cro4 , K2so4 -K2Moo4 , K2so4 -K2wo 4 , 
K2cro4 -K2Moo4 , K2 Cr04 -K2wo 4 , and K2Moo 4-K2wo 4 . The 
subsolidus regions of these six systems have been 
investigated by X-ray diffraction of quenched samples, 
high-temperature X-ray diffraction, differential thermal 
analysis (DTA), and dilatometry. 
II. EXPERIMENTAL PROCEDURE 
A. Specimen Preparation 
For this investigation K2so4 and K2cro4 were 
obtained from Fisher Scientific Company (99.9% pure). 
K2Moo 4 and K2wo 4 were obtained from Cerac/Pure, Inc. 
(99. 9% pure) . 
Samples of predetermined molar ratios were prepared 
24 
by weighing the dry salts to the nearest 0.1 mg. and mixed 
by co-melting in open platinum crucibles above liquidus 
temperatures. After fusion the samples were cooled rapidly 
to room temperature, ground, and stored in capped glass 
bottles. Samples were annealed for periods between three 
days and four weeks at temperatures between 250° and 900°C. 
B. X-Ray Diffraction 
X-ray analyses of quenched samples were done 
immediately after annealing. Scans were made from 
20° to 45° 28 at a scanning rate of 0.2° 28 per 
minute and a recording chart speed of 24 in/hr. The 
(111) line of gold was used as an internal standard, with 
28 values read to within ±0.05° 28. Diagnostic lines 
for the orthorhombic phase were (002), (200), (210), 
and if the (210) line was absent, the (102)+(111) doublet; 
for the monoclinic phase the (20l), (200) , (201), (002) , 
25 
and (020) lines were used. 
High temperature studies were made using a high tem-
perature diffraction furnace as described by Weyand. 46 
The stainless steel sample holder was covered with 
platinum foil to prevent reaction between the sample and 
the sample holder. 
Phase equilibria studies were conducted without an 
internal standard. The specimen was scanned from 15° to 
60° 28 at a rate of 2° 28 per minute. In the system 
K2 so4 -K2cro4 samples were equilibrated at each tempera-
ture for at least ten minutes. In other systems, in-
volving either the molybdate or the tungstate, samples 
were equilibrated for one-half hour. 
C. Differential Thermal Analysis 
All differential thermal analyses (DTA) were made 
with an R. L. Stone DTA KA-H recorder-controller assembly 
using a platinum wound furnace. Platinum cup sample 
holders were employed, with a heating-cooling rate of 
S°C per minute and reagent grade anhydrous Al 2 o 3 as a 
reference material. Samples were heated in all cases 
to temperatures above the liquidus and then cooled to 
temperatures below the minimum transformation point. The 
complete heating-cooling cycle was repeated several times 
to check reproducibility. Event temperatures were 
reproducible within ±S°C and were determined by noting 
the point of initial deviation of the endothermic peak 
26 
(transition, solidus) on heating and the temperature at 
which the exothermic peak (liquidus, transition) deviated 
from the base line on cooling. The differential tempera-
ture was plotted on a strip chart at a 6T sensitivity of 
20-80 ~v per inch. 
D. Thermal Expansion Measurements 
Measurements were carried out using a dilatorneter as 
described by Sorrell, Anderson, and Ackermann. 47 Powder 
samples {<100 mesh) were pressed to 15,000 p.s.i. in a 
one-half inch diameter pellet press then sintered at 800°C 
for one-half hour. It was not possible to sinter samples 
containing more than 60% K2wo 4 because of specimen frac-
turing upon cooling. Sample lengths averaged 0.3 inch and 
were measured to the nearest 0.001 inch by micrometer. 
After storage for several days in a dry environment, to 
allow return to room temperature equilibrium conditions, 
the specimen was cut to a diameter of 3/16 inch and 
loaded into the dilatometer. Heat was supplied by a 
Nichrome muffle furnace with a controlled heating/cooling 
rate of about 5°C per minute. 
E. Computer Programs 
All repetitive calculations were carried out with an 
IBM-360 computer. Programs are reproduced in the Appendix. 
Several programs were written. 
1. Calculation of the heat and quench unit cell lattice 
parameters. 
Two programs were written. 
system, containing only the orthorhombic phase and the 
other for systems containing either the molybdate or 
tungstate monoclinic phase. The 28 or d values of the 
27 
diagnostic lines and of gold were entered as data. Output 
consisted of the lattice parameters and cell volumes of the 
phases present. 
2. Calculation of Lt/L25 thermal expansion data. 
Room temperature sample length, temperature, and 
total expansion to that ten perature were entered as data. 
Taking into account the differential expansion of the 
silica tube and rod, the platinum foil, and the sample, the 
computer calculated Lt/L25 values at the given tempera-
tures. 
3. Regression Analysis 
A first and second order least squares program for 
analyses of general x-y data was written; the program was 
constructed so that it could be easily converted to 
analyze data generated by the precedinq p rograms. 
28 
III. RESULTS 
A. K2 so4 
Pure K2 so4 was studied using high-temperature X-ray, 
dilatometer, and DTA investigative techniques. The lat-
tice constants were measured from 25° to 59l°C using the 
(111) and (200) lines of gold as internal standards 
(Figure 7, Table XIV). Diagnostic lines used to calculate 
the orthorhombic lattice parameters were (200), (002), and 
(112) and for the hexagonal polymorph (100) and (002) . 
The a parameter expands with a line of increasing slope 
to 621°C where the orthorhombic phase disappears. The 
b parameter shows irregularities at 300° and 450°C. This 
may be due to higher order transformations and supports 
h k f 1 . . . 8,28,36 t e wor o ear 1er 1nvest1gators. The c para-
meter expands linearly to 620°C. No irregularities in 
the slope occurred. Expansion of all three parameters 
compares favorably with that reported by Majmumdar and 
Roy 28 (Figure 8) although the lattice parameters measured 
0 
at high temperatures averaged about 0.1 A less. 
The hexagonal parameters expand evenly from 591°C, 
where the phase makes its first appearance, to 748°C where 
the run was concluded. The c parameter arises from the 
orthorhombic a and the hexagonal a from b. A two phase 
region of coexistence from 591° to 626°C is indicated. 
Interpolation polynomials, determined by least squares, 
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Lattice Parameters of K2so 4 at Elevated Temperatures 











































































































































Regression Coefficients of K2so4 Expansion Data 
Lt = L25 (A + B(10)-bT + C(10)-cT
2) 
Parameter Range N Corre. A B b ( oc) Coeff. 
a 25-626 29 0.9968 7.501 1.067 6 
b 25-591 19 0.9914 5.782 9.467 5 
601-626 3 1.0000 -26.972 0.107 0 
25-273 9 0.9871 5.778 1.607 4 
326-450 5 0.9908 5.718 3.324 4 
500-591 5 0.9967 7.218 -5.361 3 
c 25-626 20 0.9937 10.086 3.186 4 
a 591-610 3 0.9952 5.314 1.019 3 
621-748 4 0.99995 7.085 -3.591 3 
c 591-610 3 1.0000 6.697 2.285 3 

















Values of (hkl), dhkl (±0.05 A), and I/I0 of K2so4 
at 587°C and 648°C taken from fast (2° 28 per minute) X-ray 
scans are listed in Tables XVI and XVII. The experimental 
lattice parameters of the high temperature hexagonal poly-
morph agree well with those of Pannetier and Gaultier. 8 
The hexagonal form makes its first appearance at about 
590°C with the development of the (002) and (102) lines, 
with increasing temperature these and the (101) line can 
be distinctly seen while other lines of the hexagonal 
polymorph form close doublets with, or arise directly from, 
lines of the orthorhombic form. 
Dilatometer results are illustrated in Figure 9. 
K2so4 expands evenly to the transformation where the slope 
of the line increases sharply. There is no abrupt 
deviation, therefore, it is only possible to place the 
transition temperature at 580±5°C. The transition takes 
place within a 30°C temperature range and is completed by 
600°C where the curve shows a sharp decrease in slope. 
The hexagonal polymorph shows linear expansion. Equations 
fitted to the lines are listed in Table XVIII. 
The cooling curve is different from the heating curve 
because of different rates. The transition begins at 590°C 
and is completed by 570°C. A hysteresis loop of about 5°C 
is indicated. 
The DTA thermogram of K2so 4 is illustrated in Figure 
10. On heating the transformation takes place at 580°C 
1.06,---.-----r---,---,-------,r------r---,--------
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Figure 9. K2so4 Dilatometer Expansion Data 








Figure 10. DTA Thermograms of the Compounds 
36 
TABLE XVI 
K 2so4 X-Ray Powder Data at 587°C 
(hkl) dhkl I/I 0 
002* 5.10 8 
110 4.73 3 
102 4.29 28 111 
200* 3.89 17 
201 3.64 4 
210* 3.26 7 
202 3.10 8 211 
013 2.95 100 020 
212 2.74 4 
203 2.57 12 
301 2.51 16 
122 2.44 9 104 
221 2.35 5 
114 2.25 9 
123 
204 2.14 19 
222 
214 2.01 2 
105 1.99 2 
400 1.94 5 
321 1.91 3 401 
410 1.85 1 
322 




TABLE XVI cont. 
(hk1) dhk1 I/I 0 
230 1.76 1 
231 
215 1.73 3 
224 
403 1.69 7 323 
133 1.67 2 
413 1.63 6 420 
3 8 
TABLE XVII 
K2so4 X-Ray Powder Data at 648°C 
(hkl) dhkl I/I 0 
100* 5.10 7 
101 4.34 40 
002* 4.06 20 
102 3.18 99 
110 2.95 100 
200 2.57 7 
201 2.44 8 
202 2.17 33 
004 2. 0 3 5 
212 1.75 5 
300 1.71 6 
301 1.67 12 114 
213 1.58 2 302 
*Diagnostic lines 
TABLE XVIII 
Regression Coefficients of K2so 4, K2cro 4, K2Moo4 , and K2wo 4 Di1atometer Data 
Lt = L25 (A + B(10)-bT + C(10)-cT
2) 
Sample Range N Carre. A B b c c 
( oc) Coeff. 
K2so4 25-580 93 0.9984 1.000 2.273 5 4.474 
8 
583-598 14 0.9957 12.084 -3.809 2 3.281 5 
600-869 42 0.9995 0.994 9.335 5 -2.809 8 
K2Cr04 25-669 71 0.9996 0.999 4.772 5 
6.788 9 
678-704 11 0.9951 -2.640 1.027 2 -7.151 6 
710-826 
-698 33 0.9983 9.410 1.965 4 -6.766 8 
K2Moo 4 25-324 38 0.9989 0.9995 
1.868 5 4.139 8 
326-338 12 0.9711 0.572 1.341 3 
344-446 19 0.9997 1.018 -1 .898 5 1.121 7 
453-457 3 0.9971 0.907 2 .794 4 
470-630 26 0.9996 1.018 2.231 5 3.210 8 
K2wo 4 25-357 37 0.9997 
0.999 1.633 5 2. 892 8 
360-386 21 0.9987 2.444 -8.171 3 1.163 5 
388-597 56 0.9989 1.073 -3. 10 7 4 4.686 7 




and with cooling at 578°C, both melting and recrystalliza-
tion take place at 1075°C. Transitions and melting 
temperatures agree well with those found by other 
investigators (Table IX) . 
B. K2Cro4 
Potassium chromate was studied using DTA and dilato-
metry (Figures 10 and 11) . The compound expands linearly 
to the transition at 670°C with no pretransitional 
deviation. The transformation can be placed at 666±5°C 
in good agreement with other investigators (Table X) . 
The transformation is completed by 704°C where the curve 
shows a sharp decrease in slope. The hexagonal polymorph 
expands linearly. 
With cooling, the transition begins at 670°C and is 
completed by 650°C. Contraction below the transformation 
is linear although nonlinear behavior is seen from 650°C 
to about 600°C. A hysteresis loop of 20°C is indicated 
which is several times larger than the l-6°C found by 
P . t . d 38 1 1 b d 1s or1us an Rapoport. The arger oop may e ue to 
a greater rate of cooling. The large difference between 
heating and cooling data below 660°C is due to different 
rates. 
The K2cro4 DTA themogram is identical to that of 
K2 so4 with only the event temperatures being different. 
With heating the compound transforms at 670°C and melts 
at 970°C; on cooling K2cro4 crystallizes at 970°C and 
1.06~------~------~------~------~--------~------~-----------------









1.00~------~----~~------~~----~~----~------~~------L-------~ 0 100 200 300 400 500 600 700 800 
TEMPERATURE °C 
Figure 11. K2cro4 Dilatometer Expansion Data 
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f-J 
transforms at 675°C. Both transition temperatures agree 
well with those found by other investigators (Table X). 
C. K2Mo0 4 
K2Moo4 was studied by high-temperature X-ray, DTA 
(Figure 10) and dilatometer (Figure 12) techniques. The 
compound has three polymorphs. The y form is stable up 
to about 320°C where it transforms to theB form, which 
in turn transforms toan a polymorph at about 450°C. The 
melting point is 920°C. Y-K2Moo4 is monoclinic and the 
X-ray powder data (Table XIX) agrees well with that 
reported by Kools, Koster, and Rieck. 26 At 320°C K2Moo4 
transforms to an orthorhombic structure that is similar 
The powder data (Table XX) can be indexed 
on Pnma symmetry except for a weak superlattice line at 
0 
42 
2.99 A. Using the (200), (020) + (013), and (002) lines, 
lattice parameters calculated at 376°C are: 
0 
a= 7.98 A 
b = 6.32 
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K2Mo0 4 X-Ray Powder Data at 284°C 
(hkl) dhkl I/I0 
001 6.86 4 
201* 5.75 18 
200* 5.61 13 
110 5.40 13 
111 4.74 36 
111 3.87 23 
300 3.74 14 202 
201* 3.63 13 
002* 3.43 66 311 
310 3.20 100 
020* 3.09 51 
120 2.95 56 312 
402 2.86 6 
021 2.80 8 400* 
220 2.70 4 
022 
003 2.29 38 
113 
500 2.24 4 
602 2.06 10 
601 2.04 3 
312 1.99 22 131 
031 
223 1.96 2 
113 
131 1.91 5 
*Diagnostic lines 
45 
TABLE XIX cont. 
(hkl) dhkl I/I0 
600 1.86 11 
421 1.82 11 520 
330 1.80 11 
332 1.75 8 114 
712 
004* 1.71 10 
621 
711 1.67 2 713 
601* 1.62 2 
620 1.60 6 
53l 1.58 3 223 
422 1.55 1 711 
040* 1.54 5 114 
530 1.51 1 




K2Mo0 4 X-Ray Powder Data at 376°C 
(hkl) dhkl I/ I 0 
002* 5.50 17 
102 4.55 73 111 
200* 3.99 19 
103 3.34 5 
202 3.22 6 211 
013 3.16 100 020* 
021 3.02 5 
113 2.96 1 
212 2.88 2 
121* 2.86 1 
004 
022 2.75 8 
122 2.59 2 301 
213 2.48 10 220 
302 2.39 10 311 
222 2.25 23 
313 2.04 2 
321 2.00 10 131 
400 1.99 7 
410 1.90 3 
033 
006 1.83 14 
314 
106 1.79 2 
*Diagnostic lines 
47 
TABLE XX cont. 
(hk1) dhk1 I/I 0 
413 1.68 7 420 
233 1.66 4 
134 
324 1.63 5 331 
315 
040 1.58 6 501 
017 1.53 2 
240 1.47 3 316 
242 1.42 3 334 
415 1.44 1 424 
Calculated lattice parameters at 284°C are: 
0 
a = 12.54 A 
b 6.16 
c = 7.66 
f3 =116.70 ° 
Equations used to calculate the parameters were: 
a = 2d002;sin f3 
b = 2d020 




a 4d400;sin f3 
b 4d040 
c = 4d 004;sin f3 
1 
f3 -1 (~ cos 
d601 
1 








The orthorhombic (102) + (111) doublet is first seen at 
about 300°C. The monoclinic phase completely disappears 
by 360°C. With cooling, K2Moo4 can exist metastably to 
2l0°C where it transforms with a sawtooth type DTA pattern 
d . 1 b k' d 22 . as reporte prev1ous y y Isorzo 1 an Ozawa. W1th 
49 
repeated cycling through the y-S transformation, the DTA 
exotherm becomes smooth. Orthorhombic K2~1oo4 transforms 
reversibly to a hexagonal variety as shown by the weak DTA 
endotherm at 450°C. X-Ray powder data found at 546°C are 
listed in Table XXI and agree well with that reported by 
van den Akker, Koster, and Riech. 23 The X-ray pattern can 
be indexed on P3ml symmetry and is similar to that of 
Lattice parameters calculated at 546°C are: 
0 
a= 6.32 A 
c = 8.24 
Dilatometer data are shown in Figure 12. 
expands linearly up to 300°C where the transformation 
begins in good agreement with X-ray data. The trans-
formation is concluded by 340°C as seen by the sharp 
decrease in slope. Expansion continues linearly to 
446°C where there is a slight increase in slope, due to 
a phase formation. There is a slight decrease in slope 
at 457°C at the conclusion of the transformation. The 
sample expanded linearly to 620°C where sintering 
occurred. Lines fitted to the dilatometer data are 
listed in Table XVIII. 
D. K2wo 4 
K2wo 4 was studied using high temperature X-Ray, DTA, 
and dilatometer techniques. The compound has four poly-
morphs and undergoes three transformations before melting 
50 
TABLE XXI 
K 2Mo0 4 X-Ray Powder Data at 546°C 
(hkl) dhkl I/I 0 
100 5.57 16 
101 4.60 72 
002* 4.08 18 
102 3.27 58 
110 3.19 10 
200* 2.75 6 
201 2.61 2 
112 2.50 11 
103 2.43 8 
202 2.28 2 
211 2.02 11 
203 1. 9 3 11 
212 1.85 11 
300 1.84 1 
114 1.71 1 
302 1.67 4 
213 1.64 5 
220 1.59 6 
222 1.48 3 
312 1.43 2 
401 1.36 2 
*Diagnostic lines 
51 
at 920°C. Below 370°C, K2wo 4 assumes monoclinic symmetry 
(o) and is isostructural to y-K2Moo 4 • X-ray powder data 
found at 364°C agree well with those of Kools, Koster, and 
. k 26 d 1. d . bl . . 1. R1ec an are 1ste 1n Ta e XXII. D1agnost1c 1nes 
used to calculate the lattice parameters were (20l) , 
(200), (201), (002), and (020). Using the same equations 
as were employed for K2Moo 4 , calculated parameters found 
at 364°C are: 
0 
a= 12.64 A 
b = 6.24 
c = 7.64 
s = 116. 40° 
At 370°C K2wo 4 transforms to an orthorhombic (y) 
structure as shown by the very strong DTA endotherm 
(Figure 10). The X-ray powder data can be indexed on 
Pnma symmetry (Table XXIII) with the exception of two 
0 
lines at 3.08 and 4.14 A which can be indexed as the 
superlattice (012) and (021) lines. Diagnostic lines 
used were (200) , (020) , and (002) and yield the following 
parameters at 443°C: 
0 
a= 8.02 A 
b = 6.32 
c = 11.14 
52 
TABLE XXII 
K2wo4 X-Ray Powder Data at 364°C 
(hkl) dhk1 I/I 0 
001 6.95 7 
20l* 5.82 14 
200* 5.66 7 
110 5.51 4 
111 4.83 20 
211 4.29 1 
111 4.04 14 
300 3.77 12 202 
201* 3.64 10 
311 3.52 2 
002* 3.42 100 
310 3.22 18 112 
020* 3.12 14 
312 2.98 17 
402 2.90 1 
400 2.81 2 021 
220 2.74 2 221 
112 2.67 4 
202 2.46 3 
511 2.33 4 313 
022 2.31 12 
003 
500 





TABLE XXII cont. 
(hk1) dhk1 I/I 0 
421 2.21 1 
601 2.07 3 
312 2.00 10 031 
223 1.96 3 113 
131 1.92 1 
423 1.89 2 404 
331 1.87 5 203 
511 
132 1.83 8 314 
330 
402 1.82 4 
332 1.77 2 
004 1.71 9 
315 1. 4 8 5 332 
512 1.54 3 114 
54 
TABLE XXIII 
K2wo4 X-Ray Powder Data at 443°C 
(hkl) dhkl I/I 0 
002* 5.57 17 
102 4.56 100 111 
012 4.14 7 
200* 4.01 19 
210 3.44 25 
103 3.35 4 
202 3.24 50 211 
013 
020* 3.19 63 
021 3.08 7 
113 2.98 2 
212 2.93 4 
022 2.76 6 
301 2.60 11 
220 2.49 19 
302 2.40 16 311 
123 2.31 2 
222 2.27 18 312 
303 2.17 2 
031 2.09 4 
115 2.03 4 124 
131 2.02 ll 321 
400 2.00 4 
410 1.91 4 322 
*Diagnostic lines 
55 
TABLE XXIII cont. 
(hk1) dhk1 I/I 0 
314 1.84 14 033 
206 1.69 9 
225 1.66 5 
216 1.64 9 
501 1.59 5 007 
These parameters are similar to those given by 
von den Akker, Koster, and Rieck. 23 With cooling, 
y-K2wo 4 can exist metastably down to 230°C where it 
tra.nsforms yield.ing a sawtooth like DTA exotherm. As 
with K2Mo0 4 , repeated cycling through the o~y trans-
formation eventually produces a smooth DTA exotherm. 
At 450°C, K2wo 4 transforms to a new orthorhombic 
polymorph with a weak DTA endotherm. The X-ray powder 
data (Table XXIV) can be indexed on Pnma symmetry with 
0 
the exception of the superlattice (012) line at 4.17 A. 
The pattern could not be indexed on hexagonal P3ml 
symmetry. At 540°C lattice parameters calculated from 
the (200), (020), and (002) diagnostic lines are: 
0 
a = 8. 12 A 
b = 6.42 
c = 11.08 
The 8 phase is indistinguishable from the y phase 
except for the disappearance of the (021) superlattice 
line. The o~B transformation is completely reversible 
with some supercooling. 
At 600°C, K2wo 4 transforms to a hexagonal a form. 
The x-ray pattern (Table XXV) can be indexed on P3ml 




K2wo4 X-Ray Powder Data at 549°C 
(hkl) dhkl I/I 0 
011 5.54 22 002* 
111 4.57 100 102 
021 4.17 6 
200* 4.06 16 
210 3.40 3 103 
211 3.28 52 202 
020* 3.21 80 013 
212 3.02 9 
022 2.76 12 004 
301 
122 2.63 12 
104 
220 2.51 23 213 
221 2.46 6 
204 2.29 16 222 
115 
131 




410 1.93 4 
304 
231 
224 1.86 10 
215 
314 




TABLE XXIV cont. 
(hk1) dhk1 I/I 0 
133 1.81 3 323 
420 
305 1.71 6 
413 
206 1.68 7 330 
315 
331 1.65 8 134 
324 
026 1.60 10 414 
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TABLE XXV 
K2wo 4 X-Ray Powder Data at 635°C 
(hkl) dhkl I/I 0 
100* 5.60 21 
101 4.61 100 
002* 4.10 33 
102 3.30 48 
110 3.21 63 
200 2.78 6 
201 2.63 10 
112 2.53 18 
202 2.30 13 
203 1.95 5 
300 1.87 7 
114 1.72 6 
213 1.68 7 
204 1.66 8 
220 1.60 5 
*Diagnostic lines 
60 
parameters at 635°C calculated from the (100) and (002) 
diagnostic lines are: 
0 
a = 6.47 A 
c = 8.20 
The lattice parameters agree well with those reported 
by van den Akker, Koster, and Rieck. 23 
Dilatometer data are presented in Figure 13. Mono-
clinic K2wo 4 expands nonlinearly to 350°C where the slope 
rapidly increases at the transformation. The transition 
is completed by 390°C and the slope sharply decreases. 
Orthorhombic K2wo 4 expands evenly to 600°C where the 
slope increases due to a-K 2wo 4 formation. The y+S trans-
formation was not detectable. a-K 2wo 4 expands linearly 
to 620°C where sintering began. Regression coefficients 
fitted to the dilatometer data are listed in Table XVIII. 
E. Phase Equilibria Studies 
The phase equilibrium results of studies in the 
reported herein. Results from exploratory studies in the 
are also reported. Major transformations are shown as 











1.000 100 200 300 400 500 
TEMPERATURE °C 




as transitions that show intense DTA endotherms and large 
deviations on dilatometer curves. Minor transformations 
are seen only in K2Moo4 and K2wo 4 and yield a weak DTA 
endotherm. They are indicated as dashed lines on the 
62 
figures. Experimental methods used on the sulfate systems 
were X-ray diffraction on quenched samples, high tempera-
ture X-ray, DTA, and dilatometry. On the remaining chro-
mate systems dilatometry and DTA was used. Only DTA was 
1. K2 so4 -K2Cr04 
Event temperatures as determined by DTA, X-ray, and 
dilatometry are shown in Table XXVI and Figure 14. 
Experimental data agree well with that reported by 
Groschoff 31 and Amadori 32 (Figure 1). This investigation 
produced no evidence to support the existence of a eutec-
45 tic as reported by Bergman and Sanzharov or of a 
miscibility gap as reported by Rittmann and Hinnawi. 44 
The system shows complete solubility of the a and B 
phases in their respective temperature ranges. The addi-
tion of K2cro4 to K2 so4 increases the transition tempera-
ture and lowers the solidus and liquidus temperatures at 
a linear rate with composition. 
The boundaries of the two phase regions could not 
be delineated accurately. DTA thermograms found in this 
system are identical to those of K2so4 and K2cro4 with 
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Figure 14. The System K2so4-K2cro4 
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Event Temperatures ( o C) in K2so 4 -K2 Cro 4 
Heating: Cool ins 
Mole % DTA X-Ray Dilatometer DTA X-Ray 
K2cro 4 
0 580 580 580 1075 660 
1025 578 
10 570 1070 
1065 595 
20 575 610 600 1065 715 
1050 620 
30 580 1042 
1040 620 
40 600 600 620 1018 715 
620 
50 620 1010 
985 630 




80 630 656 990 754 
980 650 
90 660 990 
9 80 660 
100 670 680 669 970 780 
990 675 
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Dilatometer results are illustrated in Figures 15 to 
18. Phase boundaries were indicated by changes in slope. 
The S phase expands evenly to the transformation where the 
slope of the line increases greatly. The transition region 
shows a high rate of expansion with the slope sharply 
decreasing at the conclusion. The a phase generally 
exhibits linear expansion. A hysteresis loop of about 20°C 
was observed in all samples. Lines fitted by least squares 
to the expansion curves are listed in Table XXVIII. 
Heat and quench data are shown in Tables XXVIII to 
0 
XXXIII and Figures 19 to 24. The figures are of d (±0.003A) 
The ordinate ranges from 7.0 
0 0 
to 8.0 A for the K2so4 a parameter, 5.0 to 6.0 A for b, and 
0 
10.0 to 11.0 A for c. The same limits apply to K2cro 4 . In 
systems with K2Moo 4 , The ordinate extends from 12.0 to 
0 0 0 
13.0 A for a, 6.0 to 7.0 A for b, 7.0 to 8.0 A for c, and 
115.0 to 116.0° for S. Similar limits apply to K2wo 4 except 
for S where the range extends to 116.2°. These numbers 
should precede the decimal point on the ordinate. Straight 
lines indicating complete solid solution were seen at all 
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Regression Coefficients of K2so4-K2cro4 Dilatometer Data 
Lt = L25 {A + B{lO)-bT + C{l0)-cT
2) 
Sample Range N Carre. A B b c { oc) Coeff. 
8 8o-cr20 25-600 72 0.9968 1.003 -9.868 6 1.260 
602-621 17 0.9916 0.367 1.126 3 
622-709 12 0.9939 8.059 6.922 4 -4.403 
8 60-cr40 25-622 80 0.9934 1.002 3.999 6 7.883 
623-635 12 0.9918 0.435 9.686 4 
637-782 23 0.9977 0.870 4. 609 4 -2.742 
84o-Cr60 25-635 68 0.9983 1.000 2.267 5 4.966 640-649 9 0.9988 20.689 -6.183 2 4.863 
650-709 10 0.9649 0.092 2.694 3 -1.880 
52o-cr80 25-656 79 0.9984 1.000 2.376 5 3.463 658-668 10 0.9866 0.384 9.873 4 
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Figure 19. 500°C K2so4-K2cro4 Heat and Quench Data 
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K2so4 -K 2cro4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 500°C 
Mole % ( 10 0) ( 010) (001) Cell 
c.A 3) K2 Cr04 0 0 0 Volume (A) (A) (A) 
0 7.486 5.769 10.060 434.459 
10 7.530 5.773 10.126 440.285 
20 7.553 5.803 10.183 446.430 
30 7.554 5. 802 10.166 445.619 
40 7.578 5.827 10.186 449.839 
50 7.589 5.827 10.230 452.459 
60 7.613 5.835 10.268 456.210 
70 7.631 5.861 10.292 460.410 
80 7.646 5.887 10.321 464.651 
90 7.663 5.890 10.351 467.282 
100 7.657 5.884 10.391 468.202 
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TABLE XXIX 
K2so4 -K2Cr04 Heat and Quench Data 
Lattice Parameters of Samples fired at 600°C 
Mole % (100) ( 010) ( 001) Cell 
K2cro4 (~) (}{) (A) Volume <.A 3) 
0 7. 4 86 5.769 10.060 434.459 
10 7.512 5.792 10.104 439.563 
20 7.554 5.790 10.178 445.128 
30 7.558 5.798 10.180 446.067 
40 7.572 5.821 10.201 449.676 
50 7.599 5.831 10.248 454.059 
60 7.612 5.845 10.271 457.009 
70 7.625 5.867 10.286 460.131 
80 7.646 5.895 10.319 465.070 
90 7.662 5.907 10.343 468.125 
100 7.657 5.884 10.391 468.202 
79 
TABLE XXX 
K2 so4 -K2cro4 Heat and Quench Data 
Lattice Parameters of Samples fired at 650°C 
Mole % (liO) ( 010) ( 001) Cell (.t\ 3) K2cro4 ( ) (1\) ( lt) Volume 
0 7.486 5.769 10.060 434.459 
10 7.522 5.770 10.114 438.976 
20 7.539 5.789 10.139 442.536 
30 7.570 5.794 10.194 447.056 
40 7.569 5.827 10.181 449.036 
50 7.591 5.845 10.233 454.058 
60 7.611 5.855 10.262 457.284 
70 7.633 5.880 10.316 462.982 
80 7.661 5.896 10.352 467.553 
90 7.664 5.897 10.361 468.245 
100 7.657 5.884 10.391 468.202 
8 0 
TABLE XXXI 
K2so4 -K2 Cr04 Heat and Quench Data 
Lattice Parameters of Samples Fired at 700°C 
Mole % (100) (010) ( 0 01) Cell (.ft 3) K2cro4 (1\) (it) (it) Volume 
0 7.486 5.769 10.060 434.459 
10 7.529 5.790 10.138 441.945 
20 7.572 5.783 10.205 446.880 
30 7.570 5.797 10.208 447.960 
40 7.574 5.839 10.198 451.007 
50 7.595 5.839 10.221 453.278 
60 7.607 5.840 10.242 455.018 
70 7.633 5.866 10.286 460.556 
80 7.644 5.887 10.316 464.242 
90 7.661 5.896 10.358 467.824 
100 7.657 5.884 10.391 468.202 
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TABLE XXXII 
K2so4 -K2cro4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 900°C 
Mole % (100) ( 010) ( 001) Cell 
(A3> K2cro4 (1\) (J\) (A) Volume 
0 7.486 5.769 10.060 434.459 
10 7.527 5.773 10.121 439.772 
20 7.540 5.797 10.144 443.387 
30 7.561 5.810 10.160 446.386 
40 7.568 5.823 10.192 449.150 
50 7.590 5.841 10.242 454.044 
60 7.606 5 .850 10.242 455.684 
70 7.631 5 .852 10.277 458.935 
80 7.640 5.889 10.304 463.560 
90 7.662 5.904 10.331 467.305 
100 7.657 5.884 10.391 468.202 
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TABLE XXXIII 
K2so4 -K2cro4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 1000°C 
Mole % ( 10 0) (010) (001) Cell (.!{ 3) K2cro 4 d\) (~) ( 1\) Volume 
0 7. 4 86 5.769 10.060 434.459 
10 7.508 5.781 10.121 439.279 
20 7.539 5.802 10.142 443.594 
30 7.536 5.851 10.152 447.585 
40 7.580 5.824 10.192 449.967 
50 7.596 5.864 10.239 456.076 
60 7.610 5.845 10.251 455.953 
70 7.622 5.908 10.298 463.682 
80 7.640 5.882 10.316 463.544 
90 7.666 5.894 10.346 467.431 
100 7.657 5.884 10.391 468.202 
Event temperatures as determined by DTA, X-ray, and 
dilatometry are shown in Table XXXIV and Figure 25. 
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Results published by Amadori 32 are illustrated in Figure 2. 
Addition of K2Moo 4 to K2so4 depresses the a~S trans-
formation to the eutectoid at 320°C. Although its limits 
could not be determined precisely, the miscibility gap 
ranges from about 20 to 95% molybdate. Solubility limits 
could only be determined at room temperature where X-ray 
results place the phase boundaries between 10-20% and 
The eutectoid lies at 80 ±10% molybdate. 
The K2Moo4 minor transformation was detectable by DTA 
and dilatometry and was depres sed to about 400°C by the 
addition of K2so4 . 
Complete solubility of the high tempera ture hexagonal 
phases is indicated with an azeotropic minimum at 
70±10% K2Mo0 4 . 
Typical DTA isotherms are presented in Figure 26. 
The orthorhombic ~ hexagonal transformation is reversible 
and detectable throughout the composition range. The 
K2Moo4 monoclinic ~ orthorhombic transformation is seen 
above 30% K2Moo 4 and is not reversible as the orthorhombic 
phase can exist metastably to room temperature. 
Dilatometer data are presented in Figures 27 to 35. 
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TABLE XXXIV 
Event Temperatures ( o C) in K2so4 -K 2Mo0 4 
Heat ins Cooling 
Mole % DTA X-Ray Dilatometer DTA X-Ray 
K2Mo04 
0 580 590 580 578 
1075 
10 520 616 560 1045 703 
1025 590 580 
20 530 327 1030 
950 550 
30 340 330 318 990 
520 545 
950 
40 330 317 295 965 543 
500 515 490 
940 
50 330 313 945 
470 484 520 
920 
60 330 322 303 935 477 
450 471 456 440 
910 
70 330 318 910 
410 413 405 
880 
80 340 290 915 
455 410 405 
900 290 
90 310 337 270 917 
445 440 425 
890 









Figure 26. Typical DTA Thermograms in the System 
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molybdate show an increase in slope at about 320°C 
indicating the eutectoid. The S~a transition temperature 
could not be accurately ascertained in runs containing 
from 20 to 40 percent molybdate as the expansion increased 
evenly with no apparent irregularities; in samples with 
greater amounts of K2Moo 4 the transformation is seen as a 
slight change i n slope. Equations fitted to the expansion 
data are listed in Table XXXV. 
Heat and quench data are shown in Figures 36 to 39 and 
Tables XXXVI to XXXIX. The data represent non-equilibrium 
behavior and do not show the true phase boundaries. The 
samples were fused above the liquidus and despite lengthy 
annealing times at temperature, equilibrium phase 
assemblages were not assumed. 
TABLE XXXV 
Regression Coefficients of K2so 4-K2Moo 4 Dilatometer Data 
Lt = L25 (A + B(lO)-bT + C(lO)-cT
2) 
Sample Range N Corre. A B b c 
( oc) Coeff. 
8 90-M0 10 25-560 109 0.9982 1.001 6.042 6 1.057 561-587 17 0.9980 3.545 -9.302 3 8.622 
589-697 27 0.9943 0.803 7.111 4 -4.734 
8 8o-M0 20 25-327 43 0.9985 0.996 1.213 4 -1.198 331-355 10 0.9968 0.434 3.195 3 -4.287 
361-587 51 0.9889 1.113 - 4.253 4 5.401 
87o-M0 30 25-331 34 0.9987 1.000 1.918 5 4.857 336-350 6 0.9980 -0.017 5.857 3 -8.310 
358-595 44 0.9787 1.078 -3.265 4 4.356 
860-M0 40 25-295 24 0.9997 0.999 1.420 5 3.502 301-331 10 0.9972 1.136 -9.184 4 1.632 
335-584 62 0.9959 1.030 -1.320 4 2.255 
85o-M0 50 25-313 30 0.9992 1.000 8.080 6 6.468 314-351 17 0.9962 0.650 1.957 3 -2.593 
355-484 21 0.9996 1.032 -1.151 4 2.120 




















Sample Range N 
( o C) 
84o-M0 60 25-303 26 309-347 21 
353-456 17 
459-595 28 
8 3o-M0 70 25-318 26 323-351 15 
356-413 7 
421-700 33 
820-M0 80 25-301 20 304-326 11 
329-434 14 
440-621 26 
81o-M0 90 25-271 21 282-347 37 
351-440 19 
447-553 19 
TABLE XXXV cont. 
Corre. A B 
Coeff. 
0.9996 0.999 1.806 
0.9951 0.779 1.203 
0.9995 0.996 5.607 
0.9990 1.048 -1.675 
0.9980 1.000 -8.514 
0.9970 1 . 670 4.708 
0.9997 0. 96 3 2.445 
0.9969 0.958 1.943 
0.9992 0.998 4.284 
0.99.75 0 .920 2.888 
0.9984 0. 993 8.415 
0.9994 0.94 5 2.510 
0.9910 1.002 -3.243 
0.9974 1.005 -2.146 
0.9996 1. 036 -9.964 
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K2so4-K2Moo 4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 250°C 
Orthorhombic Mongclinic 
b, .A · 0 0 0 c, A ' Cell o 3 a, A b, A c, A- 8 Volume (A ) 
5.790 10.078 436.637 
5 .818 10.187 446.130 
5.881 10.239 454.593 
5.953 10.311 465.744 
6.000 10.400 475.923 
6.019 10.443 480.968 
6.076 10.524 490.997 6.073 
6.118 10.598 498.072 6.100 
6.178 10.701 506.746 12.396 6.090 7.541 115.787 
12.373 6.080 7.536 115.717 










K2so4-K 2Moo4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 400°C 






b, ~ c, A Cell o a, A 
Volume (A 3) 
b, A c I A B Cell o 3 Volume (A ) 
0 7.483 5.790 10.078 436.638 
10 7.521 5.849 10.147 446.346 
20 7.549 5.895 10.240 455.675 
30 7.590 5.942 10.334 466.087 
40 7.622 5.980 10.401 474.078 
50 7.671 6.086 
60 6.080 
70 12.398 6.093 7.548 115.732 513.572 
80 12.410 6.084 7.542 115.772 512.801 
90 12.338 6.062 7.528 115.675 507.395 





K2so4-K2Moo4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 600°C 
0 Orthorhombic 0 o Monoclinic 
b, A 0 - 0 Mole % a, A c, A Cell o 3 a, A' b, A c, A S Cell o 3 K2Mo0 4 Volume(A) Volume (A ) 
0 7.483 5.790 10.078 436.638 
10 7.521 5.809 10.141 443.044 
20 7.539 5.871 10.245 453.501 
30 7.587 5.915 10.322 463.213 
40 7.609 5.995 10.388 473.913 
50 7.642 6.028 10.461 481.919 
60 7.668 6.083 10.530 491.059 
70 7.707 6.135 10.585 500.479 
80 7.733 6.157 10.629 506.106 
90 6.078 



















K2so4-K2Moo 4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 800°C 
Orthorhombic 0 0 Monoclinic b, A c, )\ Cell o a, A b, A c, K s 
Volume(A3) 
5.790 10.078 436.638 
5.821 10.159 445.383 
5.871 10.249 454.774 
5.924 10.330 463.569 
5.976 10.392 473.820 
6.022 10.449 482.018 12.386 6.083 7.556 115.889 
6.078 10.518 490.232 
6.105 10.598 497.755 
12.425 6.087 7.556 115.878 
12.392 6.059 7.542 115.946 
12.444 6.097 7.561 115.929 
Cell o 









3. K2so4-K2wo 4 
Event temperatures as determined by DTA, high-tempera-
ture X-ray, and dilatometry are shown in Table XL and 
Figure 40. d ' 33 h . F. 3 Results of Ama or1 are s own 1n 1gure . 
Partial solubility of the low temperature phases is 
indicated, with a wide region of immiscibility. DTA, 
X-ray, and dilatometer data agree well and indicate a 
eutectoid at 320°C, with a miscibility gap from 20 to 80% 
Solubility limits could not be determined except at 
room temperature where X-ray results place the phase boun-
daries between 10-20 and 80-90% tungstate. The eutectoid 
is placed at 60±10% K2wo4 . Minor transformations in the 
tungstate were reliably detected only by DTA, although the 
80% sample did show an X-ray intensity change at 600°C. 
DTA results place the upper minor transformation tempera-
ture at 580° to 6l0°C with no apparent temperature depen-
dence on composition. Any possible depression of the 
-+ 
K2wo4 a+S transition temperature caused by addition of 
K2 so4 lies within experimental limits of DTA. Complete 
solubility of the high temperature hexagonal phases is 
indicated with an azeotropic minimum at 70±10% K2wo 4 . 
Typical DTA isotherms are illustrated in Figure 41. 
The major transformation is characterized by an intense 
endotherm with the minor transformations much weaker. The 
minor transformations are reversible and on cooling ap-
parently transform simultaneously producing one DTA exo-
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Event Temperatures ( o C) in K2so 4 -K 2wo 4 
Heatin9: cool ins 
Mole % DTA X-Ray Dilatorneter DTA X-Ray 
K2wo4 
0 580 590 580 578 
1075 
10 510 540 1045 
990 577 565 
20 500 567 501 1022 
940 570 530 
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Figure 41. Typical DTA Thermograms in the System 
111 
112 
reversible due to metastability of the orthorhombic phase. 
Dilatometer data are shown in Figures 42 to 49. The 
10 and 20 per cent tungstate samples show only one trans-
formation, with the deviations in slope at the beginning 
and conclusion of the transformation being the limits of 
the two phase (a+S K2so4 ) region. In samples containing 
more than 30 per cent K2wo 4 , a change in slope in seen 
at 320°C, indicating the eutectoid. In the high sulfate 
region, the eutectoid transformation deviation does not 
occur abruptly and therefore the transition temperature 
cannot be ascertained accurately. Equations fitted to the 
dilatometer data are listed in Table XLI. 
As with the sulfate-molybdate system, the heat and 
quench data (Figures 50 to 55 and Table XLII to XLVII) 
indicate non-equilibrium behavior and do not indicate the 
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Regression Coefficients of K2so4-K2wo 4 Dilatometer Data 
Lt = L25 (A + B(lO}-bT + C(lO)-cT
2) 
Sample Range N Carre. A B b c c ( oc) Coeff. 
8 90-wlO 25-557 60 0.9989 0.999 3.196 5 1.917 8 559-573 11 0.9982 -1.676 8. 9 80 3 -7.422 6 
580-642 7 0.9977 0.913 3.590 4 -2.617 7 
8 80-w2o 25-501 72 0.9997 0.999 2.536 5 5.128 8 505-561 24 0.9968 0.885 2.768 4 
562-591 6 0.9965 0.995 7.903 5 
8 70-w3o 25-348 28 0.9996 1.000 8.290 6 3.867 8 355-385 8 0.9975 0.976 9.139 5 
390-579 48 0.9956 1.161 -7.066 4 8.365 7 
860-w40 25-387 40 0.9829 1.001 -1.409 5 1.075 7 391-573 41 0.9959 1.048 -2.105 4 3.167 7 
850-W50 25-370 45 0.9990 0.999 1.513 5 8.485 8 372-386 9 0.9984 0.877 3.773 4 
389-588 37 0.9988 1.028 -8.048 5 1.766 7 
8 4o-w6o 25-351 24 0.9992 1.001 3. 8 84 6 3.733 8 353-375 14 0.9961 1. 893 -5.108 3 7.357 6 




TABLE XLI cont. 
Sample Range N Carre. A 
( o C) Coeff. 
8 30-w70 25-359 28 0.9962 1.000 363-387 15 0.9960 0.880 
391-421 10 0.9959 0.975 
430-551 35 0.9992 1.067 
820-w80 25-356 34 0.9994 0.999 362-382 16 0.9976 2.690 





































250°C K2so 4-K2wo 4 Heat and Quench Data 
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Figure 53. 650 °C K2so 4-K2wo 4 Heat and Quench Data 
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Figure 55. 800°C K2so4-K2wo 4 Heat and Quench Data 
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K2so4-K2wo4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 250°C 
Ort}Jorhombic 0 o Monoclinic 
b, A c, A Cell o 3 a, A b, A c, A· 6 Volume (A ) 
5.790 10.078 436.638 
5.895 10.210 452.766 
5.917 10.281 459.970 
5.928 10.305 462.669 
5.952 10.437 474.095 
6.046 10.486 484.856 
6.098 10.567 495.554 
6.126 10.642 504.800 
6.179 10.706 515.327 
6.092 








K2so 4-K2wo 4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 500°C 
Orthorhombic Monoclinic 
Mole % a, ~ b, ~ c, .A Cell o 3 a, X b, A. 
0 Cell o c, A s 
K2wo 4 Volume(A) Volume (A
3) 
0 7.483 5.790 10.078 436.638 
10 7.527 5.805 10.181 444.827 
20 7.552 5.875 10.245 454.576 
30 7.543 5.893 10.210 453.832 
40 7.632 5.988 10.425 476.384 12.461 6.008 7.590 116.330 509.256 
50 7.648 6.054 10.480 485.217 6.042 
60 12.472 6.127 7.583 116.138 520.186 
70 12.449 6.123 7.570 116.071 518.286 
80 12.419 6.123 7.572 116.004 517.411 
90 12.424 6.129 7.573 115.980 518.356 





K2so4-K2wo 4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 600°C 
Orthorhombic Monoclinic 
Mole % a, ~ b 1 ~ c, ~ -- Cell o 3 a, A b I A c, A 8 Cell o K2wo 4 Volume (A ) Volume (A 
3) 
0 7.483 5.790 10.078 436.638 
10 7.524 5.831 10.170 446.143 
20 7.562 5.886 10.269 457.010 
30 7.565 5.893 10.281 458.343 
40 7.619 5.991 10.419 475.598 
50 7.655 6.040 10.483 484.659 
60 7.684 6.092 10.554 494.046 
70 12.411 6.115 7.561 115.935 516.038 
80 12.470 6.110 7.558 116.050 517.371 
90 12.394 6.102 7.549 115.922 513.533 


















K2so 4-K2wo4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 650°C 
Orthorhombic Monoclinic 
b, ~ - c, ~ · Cell o 3 a, 1\ b I 1\ c, ~ ·· · s Volume (A ) 
5.790 10.078 436.638 
5.820 10.181 446.402 
5.863 10.269 455.078 
5.914 10.287 459.980 
5.963 10.419 47 3.560 
6.006 10.455 479.870 
6.101 10.544 494.370 12.463 6.084 7.562 115.912 
12.461 6.121 7.578 116.107 
12.467 6.116 7.566 116.089 
12.377 6.094 7.545 115.901 
12.421 6.127 7.570 116.029 























K2so4-K2wo4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 700°C 
Orthorhombic Monoclinic 
b, ~ c, .A ', Cell o 3 
0 
b, A 0 a, A c, A '~ s 
Volume(A ) 
5.790 10.078 . 436.638 
5.798 10.164 443.807 
5.849 10.257 453.485 
5.846 10.263 454.241 
5.970 10.407 473.574 
6.021 10.468 482.616 
12.410 6.112 7.560 115.920 
12.439 6.123 7.572 116.051 
12.438 6.119 7.558 115.967 
12.382 6.094 7.544 115.882 
12.421 6.127 7.570 116.029 
Cell o 









Mole % a, Jt · 
K2wo 4 












K2so4-K2wo 4 Heat and Quench Data 
Lattice Parameters of Samples Fired at 800°C 
Orthorhombic Monoclinic 
b, ~ ·· c, ~ -; Cell 03 a, !f. - b, ~ -, c, ~ · 8 Volurne(A ) 
5.790 10.078 436.638 
5.832 10.164 446.168 
5.871 10.269 455.881 
5.878 10.269 456.420 
5 .971 10.401 473.572 
6.010 10.486 482.412 
6.095 10.560 494.347 12.380 6.094 7.558 115.927 
6.159 10.655 504.490 12.410 6.131 7.560 115.920 
12.415 6.110 7.550 115.898 
12.352 6.092 7.532 115.739 
12.421 6.127 7.570 116.029 










4. K2Cr04 -K2Mo0 4 
Dilatometer and DTA event temperatures are shown in 
Table XLVIII and Figure 56. Results published by 
d · 32 '11 d . F' 4 Ama or1 are 1 ustrate 1n 1gure . 
A eutectoid at 300±l0°C, with a miscibility gap from 
20 to 90% K2Moo4 , is indicated. Room temperature solu-
bility limits lie between 10-20 and 80-90% molybdate. 
The eutectoid is at 70±10% K2Moo4 . 
The K2Moo 4 minor transition can be detected by DTA 
(heating and cooling) and by dilatometry and is slightly 
depressed by addition of K2 so4 . The major transformation 
can be detected by DTA and dilatometry, although there is 
some uncertainty as to the event temperature. The mono-
clinic~orthorhombic transformation is irreversible. 
The orthorhombicthexagonal transition is reversible 
and detectable by DTA across the composition range. At 
10% molybdate, the DTA peak is very strong. With increas-
ing K2Moo 4 content the peak becomes weaker. The opposite 
is true for the peak representative of the major trans-
formation. Complete solubility of the hexagonal phases is 
indicated. DTA cooling curves show linear variation of the 
liquidus with temperature and the solidus could not be 
accurately delineated. 
Dilatometer data are shown in Figures 57 to 64. 
Changes in slopes of dilatometer curves at 300°C indicate 
the eutectoid, with increasing molybdate content, the 
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Figure 56. The System K2cro4-K2Moo 4 







Event Temperatures ( oc) in K2cro4 -K2Mo0 4 
Heating Cooling 
Mole % DTA Dilatometer DTA 
K2Mo0 4 
0 670 669 970 
970 675 
10 605 642 985 
970 660 650 
20 350 301 960 
590 612 630 
950 
30 365 309 955 
540 600 
930 
40 335 292 942 
510 562 
910 
50 340 280 950 
515 436 510 
930 
60 350 272 940 
480 449 510 
890 
70 320 940 
460 470 
905 
80 290 296 930 
440 427 450 
880 
90 280 270 920 
440 444 450 
870 210 
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transformation is detectable only through a change in 
slope. The S+a transformation temperatures of compositions 
containing 30 and 40% K2Moo4 could not be determined 
because the changes in slope were less pronounced. 
Equations fitted to the dilatometer expansion curves are 
listed in Table XLIX. 
TABLE XLIX 
Regression Coefficients of K2cro4-K 2Moo 4 Dilatometer Data 
Lt = L25 (A + B(lO)-bT + C(l0)-cT
2) 
Sample Range N Carre. A B b c c 
( o C) Coeff. 
Cr90-Mol0 25-642 72 0.9981 0.999 3.705 5 2.588 8 
643-660 12 0.9974 0.812 -2.241 2 1.770 5 
665-717 10 0.9996 0.831 5.238 4 -2.958 7 
Cr80-Mo20 25-301 32 0.9991 0.999 6.027 5 2.464 8 
307-612 50 0.9987 1.007 1 .065 5 8.656 8 
618-654 15 0.9971 -2.760 1.155 2 -8.724 6 
657-714 10 0.9982 0.997 1.047 4 
Cr70-Mo30 25-309 25 0.9991 1.000 4.180 8 6.870 8 
317-333 5 0.9952 0.979 8.949 5 
337-668 55 0.9909 1.037 -1.527 4 2.203 7 
669-728 11 0.9991 0.847 4.639 4 -2.700 7 
Cr60-Mo40 25-292 22 0.9998 0.999 2.501 5 2.607 8 
298-350 9 0.9995 1.038 -2.535 4 5.264 7 
356-669 40 0.9973 1.024 -7.445 5 1.343 7 
675-701 5 0.9956 0.998 5.461 5 
cr5o-Mo5o 25-280 24 0.9996 0.999 3.062 5 4.402 8 
284-343 16 0.9977 1.070 -4.872 4 9.898 7 
351-436 9 0.9995 1.020 -2.515 5 7.109 8 




TABLE XLIX cont. 
Sample Range N Carre. A 
(o C) Coeff. 
Cr40-Mo60 25-272 28 0.9998 0.999 
279-329 19 0.9998 1.057 
333-449 19 0.9978 0.999 
454-650 31 0.9990 1.006 
Cr20-Mo80 25-296 26 0.9982 1.001 
302-349 17 0.9982 1.027 
354-427 10 0.9992 1.003 
437-596 22 0.9992 1.005 
Cr10-Mo90 25-270 18 0.9972 0.999 
276-341 19 0.9975 1.140 
345-444 14 0.9990 1.002 




































5. K2cro4-K2wo 4 
DTA and dilatometer event temperatures are shown in 
Figure 65 and Table L. Results of Amadori 33 are illus-
trated in Figure 5. 
Results indicate extensive solubility of K2wo 4 into 
K2cro4 with strong dependence upon temperature. Neither 
DTA nor dilatometer data indicate a eutectoid in samples 
with less than 50% K2wo 4 . The miscibility gap ranges from 
50 to 80% tungstate and although DTA and dilatometer results 
do not agree closely, they do indicate an eutectoid 
temperature at about 330°±20°C. The limits of the a+6 
K2cro 4 two phase region are based upon dilatometer data. 
The eutectoid is placed at 70±10% K2wo 4 . 
The K2wo 4 minor transformations are seen by DTA and 
are depressed with addition of K2cro4 . Only the lower 
minor transformation is seen on cooling. 
rhombic phase can exist metastably at room temperature with 
sufficient chromate content; in the high tungstate region, 
the orthorhombic + monoclinic transformation occurs with 
much supercooling. Complete solubility of the hexagonal 
phases is indicated with the possibility of a minimum in 
the liquidus at about 60% K2wo 4 . The solidus could not be 
accurately delineated. 
Dilatometer data are presented in Figures 66 to 77. 
Samples with less than 40% tungstate show only the 
K2so4 a-6 transformation; samples above this show the 
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Event Temperatures ( oc) in K2cro4 -K2wo 4 
Heating Cooling 
Mole % DTA Dilatometer DTA 
K2wo 4 
0 670 669 970 
970 675 
10 640 618 970 
960 660 
20 600 600 970 
940 640 610 
30 540 548 940 
900 605 570 
40 495 520 940 
900 580 540 
50 350 930 
480 500 
900 
60 350 312 925 
450 480 450 
500 350 
920 
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a minor transformation at about 400°C. 




Regression Coefficients of K2cro4-K2wo4 Dilatorneter Data 
Lt = L25 (A + B(lO)-bT + C(l0)-cT
2) 
Sample Range N Corre. A B b c c 
( o C) Coeff. 
Cr90-wl0 25-618 56 0.9993 0.997 4.278 5 
622-645 16 0.9976 8.303 -2.365 2 1.921 5 
Cr80-w20 25-600 69 0.9993 0.999 2.744 5 1.791 8 
605-650 25 0.9922 0.786 3.924 4 
cr70-w30 25-548 67 0.9997 0.999 2.796 5 3.091 8 
551-601 25 0.9948 1.216 -9.398 4 1.075 6 
604-633 8 0.9992 -2.723 4.138 3 -3.257 6 
cr60-w40 25-584 86 0.9800 1.008 -6.561 5 1.804 7 
600-635 7 0.9981 1.003 5.494 5 
cr40-w60 25-312 31 0.9998 0.999 2.142 5 3.139 8 
320-359 16 0.9972 1.204 -1.276 3 2.086 6 
360-480 23 0.9993 1.010 -2.670 5 1.135 7 
485-541 15 0.9992 0.938 1.781 4 
546-702 21 0.9996 0.944 2.344 4 -1.248 7 
Cr20-w80 25-332 22 0.9987 1.000 1.195 5 2.914 8 
340-383 17 0.9946 1.161 -1.100 3 1.902 6 





6. K2Mo04 -K2Wo 4 
The system was investigated using only DTA (Figure 72, 
Table Lil). Figure 6 shows results obtained by Amadori. 33 
The system shows complete solubility of the monoclinic, 
low-temperature-orthorhombic, and the high temperature 
hexagonal phases. The two lowest transformations, the 
solidus, and the liquidus vary linearly across the com-
position range. ~ The K2wo4 a+S transformation is seen only 
when heating and is depressed by the addition of K2Moo4 
until it intersects the y phase at about 50%. No two 
ss 
phase regions could be differentiated. The orthorhombic 
phase shows super-cooling to about 200°C where it trans-
forms to the monoclinic phase. Room temperature X-ray 
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DTA Event Temperatures ( o C) in K2Moo 4 -K2wo 4 
l-1o1e % Heating Cooling 
K2wo 4 0 310 935 
450 455 
920 210 
10 320 935 
455 450 
920 170 
20 320 930 
460 450 
910 220 
30 320 930 
440 445 
920 200 
40 325 925 
450 450 
915 220 
50 340 933 
450 450 
910 220 
60 360 950 
450 450 
950 245 





TABLE LII cont. 
Mole % Heating Cooling 
K2wo 4 













IV. DISCUSSION AND CONCLUSIONS 
A. Structure 
Indications are that the components have one of three 
different structures: monoclinic C2/m (Figure 73), ortho-
rhombic Pnma, or hexagonal P~ml, depending upon temperature. 
X-ray powder results of this investigation agree well with 
Publl.shed values. 8 ' 20 , 23 , 25 , 26 , 38 D t f K M 0 d a a or 2 o 4 an 
K2wo4 are reported here for the first time. The monoclinic 
structure is pseudo-orthorhombic with the orthorhombic axes 
defined by a, b, and [104]. The pseudo-orthorhombic axes 
are indicated by dashed lines on the monoclinic a-c 
projection (Figure 74) . 
Comparison of the K2so 4 orthorhombic b-e projection 
(Figure 75) and hexagonal K3Na(so 4 ) 2 structure (Figure 76), 
isostructural with a-K 2so4 , shows that the orthorhombic 
cell is pseudo-hexagonal. The hexagonal cell is dashed on 
the orthorhombic projection (Figure 77) with the axes 
defined by a, b, and [011]. 
B. Transformations 
X-ray thermal expansion measurements were made only 
on K2so 4 . Because of the difficulty of obtaining accurate 
alignment, measurements were not made on the other compo-
nents and the reported d values of K2so4 are not considered 
accurate. 
The c parameter expands linearly to and through the 
0 
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transformation; b shows a slight increase in slope at the 
beginning of the transformation. The a parameter exhibits 
pretransitional behavior, gradually sloping upward through-
out, with the greatest increase associated with the trans-
formation. Hexagonal a 1 , a 2 , and c axes develop from 
orthorhombic [110], b, and a axes respectively. A two 
phase field of about 30°C is indicated. 
There are definite structural relationships between 
the orthorhombic and hexagonal polymorphs. Four SO - 2 4 
tetrahedra are numbered in Figure 77. Elevations of potas-
sium, sulfur, and oxygen atoms in the orthorhombic a (hex-
agonal c) direction are listed in Table LIII. The ortho~ 
rhombic cell can transform to the hexagonal structure 
simply by translation of the potassium atoms to adjacent 
unit cells along [100] and one-half of the [100] direction 
oriented oxygen atoms (alternate unit cells along hexagonal 
[110] directions) so that the potassium and oxygen atoms 
are arranged on opposite sides of the sulfur atoms. The 
sulfur atoms and the remainder of the potassium and 
oxygen atoms stay at nearly the same elevation although 
the potassium atoms do move parallel to the orthorhombic 
[001] direction to the hexagonal (00·0, 4, 1) positions. 
It can be hypothesized that increased vibrational 
amplitude of the tetrahedral sulfur-oxygen bonds initiates 
the transformation. Increased vibration could cause the 
potassium atoms arranged about the corners of the 
171 
TABLE LIII 
Atomic Elevations in the Orthorhombic [100] Direction 
or Hexagonal [001] Direction 
Orthorhombic Hexagonal 
Tetrahedra K s 0 K s 0 
1 0.82 0.27 0.45 0.125 0.27 0.46 
2 0.18 0.73 0.55 0.875 0.73 0.54 
3 0.67 0.23 0.05 0.125 0.27 0.46 
4 0.33 0.77 0.95 0.875 0.73 0.54 
172 
pseudo-hexagonal cell to move into vertical alignment and 
to cause the potassium atoms associated with the tetra-
hedra to move to adjacent unit cells in a K-S-0 type 
arrangement along the hexagonal [001] axis. This type of 
movement explains the nonlinear expansion of the ortho-
rhombic a parameter and the linear expansion of b and c. 
The monoclinic + orthorhombic transformation mechanism 
can be seen by comparing the monoclinic a-b projection 
(Figure 78) and the orthorhombic b-e projection. During 
the transformation, the S angle becomes 90° and the struc-
ture changes. Potassium atoms move while the molybdenum 
or tungsten atoms remain in nearly the same positions. If 
the structure is to become isostructural to S-K2so4 , 
at least fifty percent of the K-0-Mo groups must realign 
along orthorhombic [001]. It is possible that more than 
50% of the K-0-Mo groups will align so that the K-Mo-0 
arrangement, necessary for hexagonal P3ml symmetry, will 
be achieved. This may cause superlattice formation in 
orthorhombic K2Moo 4 and K2wo 4 and explain why the K2Moo 4 
or K2wo 4 orthorhombic ~ hexagonal transformation produces 
a weak DTA endotherm. It is also possible that virtually 
all of the K-0-Mo groups realign to K-Mo-0 and the minor 
transformation simply involves slight adjustments of the 
parameters to produce full hexagonal symmetry. 





The monoclinic~orthorhombic transformation is 
characterized by a rapid decrease in intensity and extinc-
tion of many X-ray lines. The orthorhombic (102)+(111) 
doublet is the first line to appear, with the (200) appear-
ing at a slightly higher temperature. The transformation 
produces a strong DTA endotherm and a large change in slope 
of the dilatometer expansion curve. X-ray, DTA, and dila-
tometry all indicate a major structural change. 
It is not possible to determine accurately the trans-
formation temperature on cooling, as the orthorhombic 
phase can exist metastably at temperatures well below the 
transformation temperature. At these temperatures forma-
tion of the monoclinic phase is time dependent. The 
observed sawtooth-type DTA pattern is probably the result 
of relatively large crystallites, with inhibited ortho-
rhombic~monoclinic transformation. After several cycles 
through the transformation, a smooth DTA peak eventually 
results, as the crystallite size is reduced by fracturing 
during the orthorhombic~monoclinic transformation. 
~ . . The a~s K2so4 -K2cro4 trans1t1on produces a strong DTA 
endotherm, though it is less energetic than that produced 
~ by the molybdate-tungstate monoclinic~orthorhombic transi-
tion. ~ . The a~B transformat1on consists of realignment of 
the potassium atoms and major movement of only 1/8 of the 
~ 
oxygen atoms, whereas the rnonoclinic~orthorhornbic trans-
formation consists of movement and realignment of virtu-
ally all the potassium and oxygen atoms. The a~B 
175 
transformation is first seen by appearance of the hexagonal 
(002) and (102) X-ray lines. Structural similarities are 
evident from the X-ray patterns. Dilatometer results show 
a large increase in slope of the expansion curve. 
Minor orthorhombic-hexagonal transformations occur in 
K2Moo 4 and K2so 4 . The transitions consist of minor changes 
in structure and show no ~V. This causes weak DTA endotherms 
and only minor changes in slope of the dilatometer expan-
sion curves. The transformations are seen by X-ray through 
extinction of a few weak lines. If these weak lines were 
absent, the orthorhombic and hexagonal patterns would be 
virtually indistinguishable. The first K2wo 4 minor trans-
formation at 450°C could not be seen by X-ray or dilatometry 
and it produced only a weak DTA endotherm. Because of the 
lack of definition, the minor transformations are indicated 
by dashed lines on the phase diagrams. 
c. Systems 
The systems show two types of solubility, complete or 
partial, with eutectoids. The ability of two substances 
to form solid solutions is determined primarily by 
geometry. If the two structures are similar and if the 
radii of the substituent atoms differ by not more than 
15 per cent of that of the smaller, extensive solubility 
is expected. Because the only variable species is the +6 
atom, it would be expected that solubility limits in the 
investigated systems would depend only upon the (xo4 )-
2 
group. Using tetrahedral cation-oxygen bond lengths, 
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calculated radii are 0.21, 0.28, 0.44, and 0.46 for sulfur, 
chromium, molybdenum, tungsten, respectively. From this 
consideration alone, it would be expected that K2Moo4 
and K2wo4 will be completely soluble, that K2so 4 and K2cro4 
will be completely soluble, and that other binary systems 
will exhibit limited solubility. It is possible that at 
room temperature a miscibility gap exists in K2so4-K2cro 4 
db 'tt d Ho 0 44 h' · · 0 as reporte y R1 man an 1nnaw1. T 1s 1nvest1gat1on 
31 32 
and other reports ' did not show a miscibility gap 
though this may simply be a matter of kinetics. An inter-
esting experiment would be to heat a misture of K2so4 and 
K2cro4 at about 100°C for very long periods of time and 
observe two X-ray lines of the same (hkl) value. If these 
lines move towards each other, eventually uniting, complete 
solubility is indicated. 
In all investigated systems the high-temperature 
hexagonal phases are completely soluble. No evidence was 
found indicating eutectics in the systems K2so 4-K2cro 4 , 
K2so 4-K2wo 4 , and K2cro4-K 2wo 4 , as reported by Bergman and 
Sanzharov. 45 
In combination with K2Moo 4 or K2wo 4 , only partial 
solubility is seen in the K2so 4-K2cro 4 orthorhombic phase. 
Addition of K2Moo 4 or K2wo 4 lowers the a-S transition 
temperature, indicating increased solubility of the 
177 
molybdate/tungstate in the hexagonal form. 
Solubility of K2so4 or K2cro4 into the monoclinic 
phase is limited. Addition of as little as ten percent 
sulfate or chromate causes the orthorhombic structure to 
form. Consequently, the monoclinic + orthorhombic trans-
formation temperature is depressed very little. 
Temperature depression in the minor transitions 
caused by addition of K2so4 or K2cro 4 is slight; in the 
case of K2so4-K2wo 4 is is near zero. As discussed 
previously, the K2Moo4 and K2wo4 orthorhombic and hexagonal 
phases are very similar. Therefore the second phase would 
have very little solubility preference for one structure 
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A. Orthorhombic Phase Heat and Quench Data Calculation 
Lattice parameters and cell volumes of the ortho-
rhombic phase of the K2so 4-K2cro4 system were calculated. 
Diagnostic lines were (020) , (002), and (102) with the 






















ORTHORHOMBIC PHASE ONLY HEAT AND QUENCH DATA CALCULATION PROGRA~ 
WRITTEN RY Pny R R4MEY 
THE LATTICE PARAMETERS AND CEll VOlUME CF THE ORTHORHC~BJC PHASE 
ARE CAL r: Ul AT FO 
FI~ST OAT4 C"ARO: PUNCH THE FIRING TEMP IN THE FIRST 4 Cf'LS WITH 
THE LAST DIGIT IN COL 4 DO NOT USE A CECIMAL POINT 
REMATNOER OF C~RDS: PUNCH T~E 2 THETA VALUE OF ORTHOR (020).(002). 
(10?) ANO OF All (111) ANO (200), THEN THE COMPOSITION, STAPTING IN 
COL 41 (0.?0) GOFS IN Tt-E FIRST 8 COLS, (002) IN THE 2ND FIGHT,ETC 
AFTER THf LA~T CARD PLACE A C~RD WITH P.PR.AA PUNCHED IN T~E FIRST 
6 COLS A NEW DATA SET PUNCHEr AS AE~ORE MAY BE PLACED AFTER THE 




1 R~A0(5,100) ITEMP 
IF(tT~MP.FQ.QOO) GO TC 4 
NCOU~T = 1 
00 2 N = ~, 300 
REA0(~ 9 104) P~02,P200,P210,AU111,AU?OO,IPRCNT 
IFCP002.GT.~.P~87D2.ANO.P002.LT.8.8P~qo2) GO TO 1 
JF(Ali200.NE.0.000) GO TO 6 
0001 = 1.5417800/DSTN((P002 - AUlll + 3.B215027801)/1.145q155q02)-
2~.6n-"3 
0100 = 1.54J7PDn/OSJN((P?00- AUlll + ~.82lt;027801)/1.145<;155q02)+ 
24.4n-3 
D?lO = 1.5417RD0/(2.000*DSTN((P?10- AUlll + 3.F.?15C2786[l)/1.1459 
215c;qo?.)) - 3.7An-4 
GO TO 8 
6 A= (AUlll- AtJ.?OO + 6 • .?1366lC700)/(AtJlll- AU200) 
B = (AUlll*(AU200- 4.442868q8301)- (AUlll- 3.8215027860ll*AU200 
?)/(AU111 - AU200) 
0001 = 1.5417800/DSIN((P002- A*P002- e)tl.l45Gl55qD2) - 1.06D-2 
0100 = 1.54178DO/OST~((P200- A*P200 - el11.145<;155qD2) + 1.8D-3 
0210 = 1.5417800/(2.0DC*DSI~( (P210- A*P210- B)/1.14591~5902)) -
21.00-3 
8 0010 = OSORT((OlOO*OlCC*D~lC*D?lO)/(ClCC*OlOO- 4.0D0*0210*0210J) 
VOL = 0100*0010*0001 
IFCN.NE.NC~UNTt GO TO 2 
WRITF(6,102) ITEMP 
NCOUNT = NCOUNT + 28 




102 FORMAT('l',52X,'FIRED AT•.ts,• DEGREES CELSIUS'// 36X.'1 CHRO~ATE' 
2 t 9 X , ' ( 1 00 ) 1 , 6 X , ' ( 0 10 ) 1 , 6 X, 1 ( C 0 1 ) ' , 1 X , • VOL 1 ) 
104 FORMATC5F8.4.I4a 
106 FORMAT('0',39X 1 13,7X,4Fll.4) 
108 FORMATC'l 1 ,61X,'END OF JOB'J 
END 
B. Orthorhombic - Monoclinic Phases Heat and Quench 
Data Calculation 
Lattice parameters and cell volumes of the ortho-
rhombic and monoclinic phases were calculated. The 
program was written for the K2so4-K2Moo4 and K2so 4 -
K2wo4 systems. Diagnostic lines were the orthorhombic 
186 
(002), (102)+(111), (200), and (210) d values and the 





























LATTICE PARAMETER CALCULATION PROGRAM FCP CRTHORHOMBIC - ~ONOCLINIC 
PHASES HEAT AND QUENCH CATA 
WRITTEN BY ROY R. RAMEY UP 0 AT E 0 AU GUST , 1 9 74 
THIS PROGEAM CALCULATES THE LATTICE PARA~ETERS AND CEll VCLS OF THE 
CRTHORHOMRIC AND MONOCLINIC P~ASE MATERI~LS 
DATA INPUT 
FIRST nATA CARD: THE FIRING TEMP CCOLS 1- 3) 
EACH OF THf NEXT CARDS CONTAJ~S THE BATCH PERCENTAGE OF T~E MONO 
PHASE, THE ORTHO D VALUES (002),(102)+(111),(200), AND (210), THE 
~ONOCLINIC D VALUES FOR 120-1),(200),(201),(002), AND (020) 
THE PERCENTAGE GOES INTO COLS 1 - 3, T~E CPTHOR (002) IN COLS 5 TO 
11, THE DOUBLET IN 12 TO 18, (200) IN 19 TO 25, ETC 
AFTER THE LAST CARD PLACE A C~RD WITH 888 PUNCHED IN THE FIRST 3 
COLS A NEW DATA SET PUNCHED IN A LIKE ~ANNER MAY NOW BE ACDED 
TC STOP THE PROGRA~, PLACE A q~q CARD AFTER THE LAST 888 CARD 
REAL*8 X(50,9),Kl00C50),K010C50),K001C50) ,DSQRT,BETAC50) ,l!fl00(50), 
2W010C50) ,W001(50) ,DARCOS,DSI~,VMONOC50t,VOFHH0(50) 
Cl~ENSION IPCTC50) 
FIRST 4 LINES ARE OF SULFATE (002), ((102) + (111)), 1200),(210); L 
5 ARE ~ONOCLINIC 120-1),(200),(201),(002),(020) 
1 REAOC5,100) !TEMP 
IFCITE~P.GT.998) GO TC 18 
WRITEC6,132) ITEMP 
00 2 I = 1, 51 
REA 0 C 5, 100) I PC T C I ) , C X C I , J ) , J = 1, q ) 
IFCIPCT(I).GT.887.AND.IPCTCit.LT.889) GC TC 4 
WRITEC6,130) IPCTCI), (XCJ,J), J = 1, q) 
CALC THE CRTHORHOMBIC PARAMETE~S; A, 8,( 
K100(1) 0.000 
K010(1) 0.000 
KOOlC T) 0.000 




KOO 1 ( I ) 2. 000* X ( I , 1 ) 
K 10 C ( I t 2 • 00 0* XC I , 3 ) 
USING (102) PART OF ((102) + (111)) TO CALCULATE C 
IF(X(J,lt.EO.O.ODO.ANO.XCI,~l.NE.O.ODO.ANO.XCI,2).NE.O.OCO) KOOl(J 
2) = C2.0GO*K100CI)*X(I,2))/DSQRTCK100(It*K100CI)- X(I,2,*XCI,2)) 
USE THE ((102) + Clll)t DOUBLET TO DETERMINE A 
IF(Kl00(I).EQ.O.ODO.ANO.K00l(I).NE.O.OCC.A~D.XCI,2).NE.0.000) KlOO 
2(1) = DSQRTC(K001(1)*K001CI)•Xli,2)*XCI,2))/(KOC1CI)*KOC1(1)- 4.0 
2DO*X(J,2)*XCJ,2))) 
I F ( K 1 C 0 ( I ) • NE • 0 • 0 0 0 • A N D • X ( I , 4 ) • N E • 0 • 0 0 C ) K 01 0 ( I ) :z C K 1 0 0 C I , *X C I , 4 ) 
2 ) I 0 S Q R T C K 10 0 C l ) * K 1 0 0 ( I ) - ( 4 • CD 0* X ( I , 4 ) *X ( I , 4) ) ) 
IFCKOlOCit.NE.O.OOO.OR.K100CI).EQ.O.OOO.OP.KOOlCI).EQ.O.OCO.OR.X(I 
2,2).EQ.O.ODO) GO TO 8 
K010(1)=CK100Cit•K00l(I)*X( 1.2))/DSQRTC(KlOO(I)•KlOO(I)*KOOlCII*KO 
20l(l)t- (K00l(l)*K00l(lt*X(I,21*X(I,2))- (Kl00(1)*Kl00(1,*X(I,2, 
3•XCI,2tll 
188 
C U S E D ( 1 1 1 J P A R T Of T HE ( ( 1 0 2 I + ( 1 1 1 I I C OU Bl E T T 0 C A l C 8 
8 VORTHOCIJ = K100CII*K010CII*t<001(1) 
C TC CALCULATE T~E MONOCLINIC P~~SE PARA~ETERS A, 8, C, BET~ 
W010(11 = 2.000*X(J,q) 
IF(X(I,51.EO.O.ODO.OR.X(I,6).EQ.O.ODO.OR.XCI,71.EQ.O.ODO.OR.X(I,8t 
?.EQ.O.OOO) GO TO 2 
BETA(()= DARCOSCC1.000/(X(I,5)*XCI,5)1- l.OD0/(X(I,71*X(I,71)1*5 
2. 0 D-1 *X ( I, 6 ) *X ( I, 8 ) ) 
W100(1) = C2.0CO*XCI,6))/0SHdRETA(I)) 
WOOlllt = (2.0DO*XCI,A))/0SH..CBETACI)) 
VMONO(I) = WlOO(I)*W010(1J*W001(1)*0SHdBETA(Itt 
BETA(I) = BFTA(I)*5.72957801 
2 CONTINUE 
4 I = I - 1 
~RITF.(6,104) ITFMP 
00 14 J = 1 ' ' 
wRITE(6,118) IPCT(J) 
lF(KlOO(J).GT.O.OOQ) ~RITE(6,106t K10C(Jt 
lF(K010(J).GT.0.000) ~RITE(6,134) KOlC(J) 
IFCKOOl(Jl.GT.O.OOO) ~RITE(6,136) KOOl(J) 
IF{KlOOCJl.GT.O.OOO.A~D.K010(J).GT.O.OOC.ANO.K001(J).GT.O.OD0) WRI 
?TE(6,138) VORTHO(J) 
lF(X(J,?l.GT.O.OOO) WR1TE(6,1C7) X(J,21 
IF(Wl00(J).GT.C.000) wRITEC6,120J WlOOCJI 
IF(W010(J).GT.0.000) wRITEC6,124) WOlC(J) 
IFCWOOl(J).GT.O.OOO) ~RTTF(6,122) W001(J) 
IFlAETA(J).GT.O.OOO) ~RITEC6,126) BETA(JI, VMONCCJI 
14 CONTINUF 




104 FORMAT('l',51X,'FIRED AT 1 ,I5,' DEGREES CELSIUS'// 42X 1 1 0RTHORHOMBI 
2C ' , 4 3 X , ' MO N OC L 1 N I C 1 /1 2 X , ' ~ W 1 , 1 0 X , ' A ' , 7 X , ' B 1 , 7 X , 'C ' , 7 X 1 ' ( ( 1 0 2 ) + ( 1 1 
'31) ) ', 7 X, 'VOL' , 11 X, 'A' , 7 X, 'B' , 7 X,' C' , 1 )C, '8 E l A' , 7 X, 1 VOL' I ) 
106 FORMAT( 1 + 1 ,20X,F8.4) 
107 FORMAT('+' 1 49X 1 F8.4) 
114 FORMATC'l 1 r61Xr'END OF JOf\ 1 ) 
118 FORM.AT('O',l1X,I3) 
12C FORMAT( 1 + 1 1 78X,F8.4l 
122 FORMATl'+',g4X,F8.4) 
124 FflRMATl'+' 1 At~X,FA.4) 
126 FORMAT('+', 104X,F8.4,2X,F8.4) 
130 FORMAT('O',l7X,l3 1 1X,F8.4,5X,F8.4,?X,2F~.4,7X,5F9.4t 
132 FORMAT('1',51X,'INPUT OATA 1 ,4X,I4, 1 CECREES CELSIUS'// 36X,'ORTHOR 
2HOMBIC',39X, 1 MONOCLINIC'/l6X,'t MONO COC2) (102)+(111) (20 
30) C210)',10X,'C20-1) l?OO) l2Cl) (0021 (C20) 1 t 
1'34 FORMAT( 1 + 1 ,28X,F8.4) 




c. Thermal Expansion Calculation 
Lt/L 25 values at various temperatures were cal-
culated. The differential expansion of the fused silica 
rods and the platinum foil surrounding the sample was 
taken into account. If platinum is not used, cards 
pertaining to platinum (variable PLAT) should be removed. 
The manner of entering data is outlined at the beginning 
of the program. Full scale on the strip chart was 





























THERMAL EXPANSION CALCULATION 
\li!RITTEN ~y Rr-Y R. RAMEY UPC~TEO AUGUST, 1974 
1ST DATA CARD: SAMPLE LENGT~ (COLS l - et, ZERO POINT FC~ HEATING 
ON THE CHART (?5Ct (COLS 9- 16), ZERO PCINT FOR COOLING (~T M,\X 
TFMPt CCOLS 17- 241, AND A SA~PLF DESCRIPTION (COLS 25- 69) THE 
ZERO POINTS ARf MEASURED IN THCUSANDTHS CF AN INCH 
EACH nF THE NEXT CARDS HAVE TE~P CCOLS l - at, TOTAL EXPA~SION UP 
TC THAT TEMP CCOLS 9- 16), AND EXTRAPOLATED ZERO POINT CEllA OF 
EACH NEW SUPPRESSI~N CYCLE CCCLS 17- 24) CIF NEEDED) T~F LATTER 
2 ARE IN THOuSANDTHS OF AN INC~. IF T~E EXTRAPOLATED ZEPC POINT 
LIES OFF THE PAGE, ENTER A POSITIVE NUMBER WHERE 0.1 INCHsC.OOCOl 
INCH OF EXPANSION; IF THE ZERO POINT LIES CN THE PAGE ENTER A 
NEGATIVE QUANTITY 
THE LAST CARt AFTER EACH CAT~ SET IS R.8888 PUNCHED IN CCLS 1 - 1 
A NEW DATA SET MAY AE ~ODED AFTER THIS C,\Rt 
TC STOP THE PROGR,\~, A G.999G CARD SHOULC BE PLACED AFTER T~E LAST 
8.8888 AT THE END OF HEATING CYCLE CARCS, ACD A CARD WITH THE 
HIGHEST TEMP VALUE PUNCHED LE~viNG THE REST BLANK; THIS ST~RTS THE 
COOLING CYCLE 
DIMENSION SNA~Eil2t, ~TC(5,2t) 
REAL*4 lENGTH, LGTH2, LTL25(5,26) 
1 REA0(5,100) SA~P, SUBt-', SUBC, (SNAME(J), J = 1, 12) 
SUB = SUBH 
OSUM = 0.0 
IF(SAMP.GT.A.8887.ANO.S~MP.LT.8.8889) GC TO 1 
IF(SAMP.GT.q.s998.AND.SAMP.LT.10.0t GC TO 6 
12 = o.o 
J = 1 
K = 0 
DO 2 I = 1, ?COO 
REA0(5,100) T, DELL, CSUA 
IF(T.GT.8.e887.ANO.T.LT.8.A8P~) GO TC 24 
CSUM = DSUM + OSUB 
IF(OELL.~E.O.Ot Gr TO 8 
LGTH2 LENGTH 
CZTOT = QZ 
PTTOT = PLAT 
CSUM = C. C 
SUB = SUAC 
GO TO 2 
8 DELL = OELL - SUB + DSUM 
PLAT = O.OEO 
THIS TAKES INTO ACCOUNT THE PT FOIL ISCLATING THE SAMPLE, IF NO PT 
IS USED, REMOVE THE NEXT TwO C~ROS 
PLAT= 5.51181E-3*CR.SlE-6 + l.28E-9*(T- 2.5E1t + 4.0E-14*CT- 2. 
25Elt*CT- 2.5Ellt 
CZ = lSAMP + PLAT + 5.51181E-~)*5.0E-7*l 
IFCSUB.EQ.SUBH) GO TO 10 
PLAT = PTTOT - PLAT 
QZ = QZTCT - CZ 
10 LENGTH = DELL + CZ - PL~T 
IF(SUB.EQ.SUBC) LENGT~ = LGT~~ - LENGl~ 
12 t< = K + 1 
IF(K.LE.26) GO TO 16 
t< = 1 
J = J + 1 
16 NTC(J,K) = T 
LTL25(J,t<) (LENGTH+ SAMP)ISAMP 
IF(J.LT.5.0R.t<.LT.26) GO TO 3 
24 t<K = 26 
IF(J.EQ.1) t<K = K 
WRITE(6,102) (SNAME(J$), JS = 1, 12) 
00 22 l = 1, Kt< 
wRITF(6,104) (NTC(fi'J,L), LTL25(MJ,L), !'IJ 
IF(L.EQ.K) J = J - 1 
22 CONTINUE 
t< = 0 
J = 1 
tF(T.GT.A.8AA7.ANO.T.LT.B.AA89) GO TO 1 





1' J , 
102 FORMAT('l',45X,l2A411 llX, 1 TE~P',6X, 1 llll25 1 1 9X, 1 TEMP 1 , EX,•LTIL25 
2 I ' 9 X ' • T '= M p • '6 X '. l TIL 2 5. '9 X ' I TEMp. ' 6 X ' • L TIL 2 5. ' 9X' IT E MP I '6X' • L TIL 2 
3 5 I ) 
104 FORMAT('0' 1 2X 1 5(8X, T4,4X 1 F9.7)) 
106 FnRMAT('1',61X,•END OF JOB') 
STOP 
END 
D. Main Program for Orthorhombic Phase Heat and Quench 
Data Calculation 
The program is essentially the same as the first 
program. The data is calculated and then fed to the 
least squares (LEASQ) subroutine. This main program 
cannot function independently and must be used with 




















MAIN PROGRAM FCR T~E ORTHORHC~EIC PHASE CNLY HEAT AND QUE~CH DATA 
WRITTEN BY RCY R. RAMEY UPC,TED AUGUST, 1«~74 
THIS PROGRAM CALCULATES T~E LATTICE PARA~ETERS A~D CELL VCLUMES FOR 
T~E ORTHO CELL AND ffECS THIS CATA TO T~E LEASQ SUBROUTINE 
FCR LEASQ SUBROUTINE; THIS CARD DECK IS PLACED IMMEDIATEL~ BEFORE 
THE 'SUBROUTINE LEASO' CARD 
CATA INPUT IS THE SAME AS THE SULFATE C~RO~ATE C,LCULATIC~ PROGRAM 





1 READ(5,102) ITEMP 
IFCITEMP.EQ.qqqt GO TC 4 
Of) 2 I = 1 , 1 0 0 
REA0(5,1C0) CSAMPLT(I,K), K = 1, 10) 
J F ( SAM P L T l I , 1 ) • E 0 • 0 • 0 C 0 l GO T C 6 
2 CONTINUE 
6 I = I - 1 
~CCUNT = 1 
00 8 N = 1, 3CO 
REA0(5,106) P020,P002,P102,A~lll,AU200,1PRCNT 
IF(P020.GT.A.OC2t GO TC 10 
IF(AU200.NE.O.OD0) GO TC 12 
DOOl = 1.54178DO/DSINCCP002- AU111 + 3.82150278601)/1.1~5Ql5~902) 
2+ 4.4D-3 
0010 = 1.5417800/DSlNlCP020- AU111 + 3.€2150278601)/1.145915~902)-
23. 6 0-"3 
Cl02 = 1.5417ADO/l2.0GC*OSI~((Pl02- ~Llll + 3.821502786[1)/1.14591 
2559D2)) - 3.780-4 
Gr. Tfl 14 
12 A= (AU111 - AU200 + l.213661~700)/(ALlll - AU2CO) 
A = (AU11l*(AU200 - 4.442A68~~3Dll - (ALlll - 3.821~C27S60ll*AU200 
2)/(AU111 - ~U200) 
0010 = 1.5417800/0SIN((P020- A*P020- Bl/1.145~155902) - 1.060-2 
0001 = 1.5417800/0SlN((P002 - A*P002- PJ/1.145~1559D2) + 1.80-3 
Dl02 = 1.5417800/C2.0DO*DSI~((Pl02- A*FlC2- 8)/1.14591~~9D2))-
21.00-3 
14 C100 = OSQRTCCDOCl*COCl*Cl02*C102l/CD001*COOl- 4.00C*Ol02*Dl02l) 
VOL = DlOO*OOlC*OOOl 
IF(N.NE.NCOUNT) GO TO 16 
WRITEC6,104) ITFMP 
NCOUNT ~ NCCUNT + 29 
16 ~RITEC6,l08) TPRCNT,OlOO,OOlC,DOOl,VOL 




l C 4 , N) == VOL 
8 CONTINUE 
10 N = N - 1 
BRANGE = X( 1) 
TRANGE = X(N) 
DO 18 L = 1 , I 
DO 20M = l, 4 
00 24 0 = lr N 
24 Y(Ot = l(M,O) 
p = 1 
DO 26 Q = 1, 10 
IF(SAMPLT(L,Q).FQ.O.OCO) GO TC 20 
DO 28 R ::: P, N 
IF(OA8S(X(R t- SAMPLT(L,Q)).LT.1.0D-10.CR.R.EQ.N) GO TO ~0 
28 CONTINUF 
30 s = 0 
"COUNT = 1 
DO 32 J = P, R 
s = s + 1 






NCOUNT = NCOUNT + 29 
32 WRITF.(6,126) X(J), Y{J) 
CALL LEASO 










104 FnRMAT( 1 1 1 ,~2X,'FIRFD AT',I5,' DEGREES CELSIUS'// 36X,'~ CHROMATE' 
2 , q X , ' ( 1 0 0) ' r 6 X , 1 ( 0 1 0 ) 1 , 6 X , ' ( 0 C 1 ) ' , 1 X , 1 \1 C l 1 ) 
lOt FORMAT(5FP..4,14) 
lOB FOR~AT('G',~9X,T3,7X,4Fll.4) 
112 FORMAT('0',56X,'1: Ct-RCMATE', qx,'(l00)') 
114 FORMAT('0',56X,'~ CHRCMATf', SX,'(010)') 
116 FORMAT( 1 0 1 ,56X,'t CHRCMATE', <;X,'(001) 1 ) 
118 Fr)RMAT('0',56X,'1~ CHRCMATE',1CX, 1 V0L') 
122 FnRMAT('1',6lX,'END OF JOR') 
124 FnRMAT('1',42X,'INPUT CATA TO BE ANALYZED ON THE FOLLOWI"G PAGES'/ 
2/52X, 'FIRED AT' ,t 5,' CEGREES CELSIUS') 
126 FOR~AT('0',55X,Fl0.4,6X,Fl0.4) 
END 
E. Main Program for Orthorhombic - Monoclinic Heat and 
Quench Data Calculation 
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The program is the same as the second program. Data 
is calculated and entered into the LEASQ subroutine for 
statistical analyses. The program must be used in con-



















~AIN PROGRAM FC~ CPTHOR - MONC HEAT ANC CUFNCH DATA 
WRITTEN RY ROY R. RAMEY UPC~TED AUGLST, 1974 
FOR LEASC SUeRrUTINE 
THIS DFCK IS PLACED IM~ECI~TELY BEFORE T~E 'SUBRCUTINE Lf~SQ' CARD 
THIS PROGRAM CALCULATES LATTICE PARAMETERS & CELL VOLS OF THE ORTHO 
A~D MONO PHASES AND FEEDS THIS DATA TO THE LEASQ SUBROUTI~E FOR 
ANALYSIS 
DATA INPUT IS THE SAME AS ThE rRTHOR- MONO CALCULATICN PRCGRAM 
B~UNDARY LIMITS CARDS ARE PLACED AFTER T~E TEMP CATA CARC IN THE 






COM ~ '1N X X, Y , S ~ M PL T, BRAN ( E, T R ~ r... G E, S, R, P 
1 READ(5,1C4) ITEMP 
IF(ITEMP.E0.999) GO TO 4 
WRITE(6,106) ITEMP 
D() 2 I = 1, 1 CO 
REA0(5,100) CSAMPLT(I,K), K = 1, 10) 
IFCSAMPLT(l,1l.EO.O.OC0) GC TC 6 
2 CONTINUE 
6 I = I - 1 
DO A J = 1, 51 
~EAr.C5,104) IPCT(J), (X(J,K), K = 1, «;) 
IF(IPCT(J).EQ.888) GO TO 26 
WRITE(6,108) IPCT(J), (X(J,I<), K = lt <;) 
CO 50 T = 1, o 
sc zcJ,T) = o.cor 
OOOl(J) = 2.0DO*X(J,l) 
ClJO(J) = 2.0DO*X(J,3) 
JF(X(J,1).EO.O.ODO.ANO.X(J,3).NF.O.ODO.AND.X(J,2).NE.O.GCC) 0001CJ 
?) = (0100(J)*X(J,2)*2.0C0)/CSCRT(Ol00(J)*Cl00(J)- X(J,2)*X(J,2)) 
IF(0100(J).~Q.O.OCO.A~C.0001(J).NE.O.CDC.~ND.X(J,2).NE.C.OD0) 0100 
?(J) = DSOPT((0001(J)*CCCl(J)*X(J,2)*X(J,2))/(000l(J)*0001(J)- 4.0 
3DO*X(J,2)*X(J,2))) 
coto<Jt = o.or:o 
IF(OlOOCJl.NE.O.ODO.A~O.X(J,4l.NE.O.OCC) COlO(J) = CC100(J)*X(J,4) 
2)/DSORT(OlOOCJ)*OlOO(J)- (4.COO*X(J,4)*X(J,4))) 
IF(n010(J).NE.O.OCO.nQ.Cl00(J).EQ.O.CCO.CR.OOOlCJ).EQ.O.CCO.OR.XCJ 
2,2J.EQ.C.OOC) GO TO le 
OOlO(J) = CC100(J)*OOC1CJ)*X(J,2))/0SQR1((0100(J)*Cl00(J)*G00l(Jt* 
2000l(J))- (000l(J)*000l(J)*X(J,2)*X(J,2))- (0100(J)*Ol00(J)*X(J, 
32l*X(J,2))) 
18 VORTHQ(J) = 0100{J)*OC10(J)*C00l(J) 
z ( J ' l ) 0 1 00 ( J ) 
l(J,2) = 0010(J) 
ZCJ,3) = OOOl(J) 
ZCJ,4) = VORTHO(J) 
MOlO(J) = 2.000*X(J,Q) 
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l' J • 6, = ~0 10 ( J, 
IFCX(J,51.EQ.O.OOO.OR.XCJ,6t.EQ.O.OOO.CR.X(J,7t.EQ.O.OOC.CR.X(J,8) 
2.EQ.0.000) GO TO 8 
BETA(J) = OARCCS((l.OOO/CX(J,5)*X(J,5))- l.OD0/(X(J,7)*X(J,7)))*5 
2.00-l*X(J,6)*XCJ,6J) 
MlOO(J) = C2.0DO*XCJ,6))/0SI~CBETA(J)) 
MOOl(J) = C2.000*XCJ,8)J/OSI~(BETA(J)) 
VMONO(J) = MlOO(J)*MOlOCJ)*MCOl(J)*DSINCBElA(J)) 
BETA(J) : 5.7295780l•eETA(J) 
ZCJ,5) MlOO(J) 
l ( J , 1 ) = MO 0 l ( J ) 
Z(J,8) = BETA(J) 
l(J,9) = VMONO(J) 
8 CONTINUE 
2t: J = J - 1 
kRITECo,llO) ITEMP 
DO 2 8 K :: l , J 
wQITEC6,112) IPCTCK) 
IF(Z(K,1 ).GT.O.OOO) WRITEC6,114) OlOC(K) 
IF(l(K,?).GT.O.OOO) WRITE(6,116) OOlO(K) 
IF(Z(K,~).GT.O.OOO) WRITE(6,118) OOOl(K) 
IF(l(K,4).GT.0.000) WRITE(6,120) VORT~C(K) 
IF(X(K,?.~.GT.C.OOO) WRITEC6,122) X(K,2) 
IF(ZCK,S~.GT.O.OOO) WRITE(6,124) MlOO(K) 
IF(Z(K,6).GT.0.000) WRITE(6,128) MOlO(Kt 
IF(l(K,7).GT.C.000) WRITE(6,126) MOOl(K) 
IF(Z(K,A).GT.O.OOQ) WRJTE(6,130) BETA(K), VMONO(K) 
2P. CONTINUE 
DO 42 P 1, 
DO 30 l = 1 , q 
N = 0 
CO 32 M = 1 , J 
IFCZ(M,L).LF.O.OOO) GC TO 32 
N = 1\1 + 1 
ZZ(N,L) = l (M,L) 
IPCT1(1\1) = IPCT(M) 
32 CONTtNUF 
IFlN.EQ.Q) GO TO 30 
s = 1 
00 44 0 = 1 ' 10 
IF(SAMPLT(P,Q).fQ.C.OCO.OR.SA~PLT(P,Q).GT.~.9998DO.AND.S~MPLT(P,Q) 
2.LT.l.OD11 (0 TO 30 
DO 46 R = S , t\ 
IF(CABS(IPCTl(R) - SA~FLT(P,CI).LT.l.CC-10.0R.R.GE.N) GO TO 48 
46 CONTINUE 
4e NPAGE = 1 
CO 40 0 = S, R 
Y(Q) = ZZIO,L) 
XX(O) = IPC Tl (0) 













NPAGE = NPAGE + 26 
40 •RITEC6,156t XX(O), Y(O) 
BRANGE = IPCT(1) 
TRANGE = IPCT(J) 
CALL LEASC 
S = R + 1 










106 FORMAT('1',51X,'INPUT CATA',4X,I4, 1 CEGREES CELSIUS'// 3fX 1 1 0RTHOR 
2HOMBIC'r39X,'MONOCLINIC'/ 16),•~ MONO (002) (102)+(1111 (2 
~ 0 0 ) { 21 0 ) 1 , 1 0 X , ' ( 2 0- 1 ) ( 2 0 0) ( 2 0 1 ) ( C 0 2 ) ( 0 2 0) • ) 
108 FnRMhTl'0'rl7X,I3,1X,F8.4,5X,F8.4,2X,2Fq.4,7X,5f9.4) 
110 FORMAT('l'r51X, 1 FIPED AT 1 1 15, 1 ~EGRfES CELSIUS'// 42X,'CFTHORHOMBI 
2 c I '4 3 X ' I ~ 0 N cc L I N I c ' I 10 X ' • ~ ,., c N 0 I ' q X ' • h. ' 1 X' I B •• 1 X •• c • ' 7 X' • ( ( 10 2) 
3 + ( 11 1 ) ) 1 , 7 X , 1 VOl ' , 1 1 X , 1 A' , 7 X , 1 A 1 , 7 X , 1 C' , 7 X , 1 BET A ' , 1 X 1 'VOL 'I ) 
112 FllRMAT('0',11X,I3) 
114 FORMAT( 1 +' 9 20X,F8.4t 
11t FORMAT( 1 + 1 9 28X,F8.4) 
118 FORMAT( 1 +',~6X,F8.4) 
1?0 FORMhT(' + 1 1 65X,F8.4) 
122 FnR~AT('+',49X,F8.4) 
124 FORMAT( 1 + 1 ,7AX,F~.4) 
12t FnR.MhT('+',c;4X,FA.4) 
12e F •JRMAT( 1 + 1 ,86X,F8.4) 
130 FOR"'1Al('+ 1 9 104X 1 FA.4,Fll.4t 
132 FORMAT('l',61X, 1 ENO CF JCR' 
134 FORMAT('G',~2X,'FTRFO AT 1 1 14,' DEGRFES CELSIUS') 
13l: FrJR~AT( 1 0 1 ,56X,''t MONC ORTt-n (100) 1 ) 
13e FORMAT('C',56X, 1 % MONC f.Rlt-0 (010)') 
140 FORMAT('0',56X,'~ MONC ORTt-0 (001) 1 ) 
142 FOR~AT('0',56X,•~ ~CNC CRTHO VCL') 
144 FORMATC 1 0 1 ,56X,•t ~CNC MCNC (100)') 
146 FORMAT('0',56X,•~ MONC MONC (010)') 
148 FORMATC'0't56X,•t "'CNC MC~C (001)') 
15C FORMAT('0',55X,•t ~ONC MCNC ANGLE eETA') 
152 FORMAT('0',56X,•t ~CNC ~C~O VOL') 
1 54 F 0~ MAT ( 1 0 1 , 59 X , ' X' , 11 X, 1 Y' ) 
156 FORMATC'0',55X,F8.4 1 4X,F8.4t 
158 FORMAT('1',45X,'DATA TC BF ~NALYlfO ON THE FOlLOWING PAGES') 
END 
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F. Main Program for Thermal Expansion Calculation 
The program is nearly the same as the third program. 
The calculated data is fed to the LEASQ subroutine (pro-
















~AIN PROGRAM FCR THERM~l EXPANSION CALCULATION 
WRITTlN AY ROY R. RAME~ 
THIS PROGRAM CALCULATE5 LT/L2~ DATA A~C FEEDS IT TO THE lEASQ 
SURROUTINE FOR ANALYSIS 
200 
THIS CARD DECK IS PlACEC IMMECIATElY ~EFORf THE 'SUBROUTI~E lEASQ' 
CARD 
OATA INPUT IS THE SA~E AS T~E THERMAl EXPA~SION CALCULATJCN PROGRAM 
ACUNOARY CARDS ARE PLACED I~MEDIATELY AFTER THE FIRST DATA CARD 
R E A L • 8 S AMP L T ( 1 0, 1 0 ) , )I C 3 0 0 ) , ~ C 3 0 0 ) , D A B S , 8 RANGE , TRANG E 




RfADC5,100) SAMP, SUAH, SUA(, CSNAMECJ), J 1, 12) 
SUA = SU~H 
oc:;u~ "' o.o 
JF(SAMP.GT.8.8887.ANO.SAMP.LT.B.A88q) CC TO 1 
IFCSAMP.GT.q.QQq8.AND.SAMP.LT.10.0) GC TO 6 
T~ = 0.0 
co 4 l. = 1. 1 0 0 
RfAD(5,108» CSAMPLTCL,K), K = 1, 10) 
IFCSAMPLT(l,l).GT.q.q~qeoo.~~C.SAMPLT(L,1).LT.l.OD1) GO TC 6 
JFCSAMPLTCL,l).EQ.G.OCC) GO TC 14 
4 CONTINUE 




00 ~ N = 1, 2000 
READC'i,100» Tf,..P, OEll, DSUe 
IFCTEMP.GT.g.BA87.AND.TEMP.LT.B.888q) GC TO 24 
OSUM = OSUM + DSUA 
t~(DELl.NE.O.O) GO TO 8 
LGTH2 lENGTH 
ClTOT = Ol 
PTTOT = PLAT 
osu~ = ().O 
SUB = SUAC 
GO TO 2 
e I = I + 1 
CELL = CELL - SUB + OSUM 
PLAT= 5.511A1E-3•CB.q1E-6 + 1.28E-Q•CTEMP- 25.0) + ~.OE-l4*CTEMP 
2- ? 5 • 0 ) • ( T f M P - 2 ~ • 0 ) ) 
Cl = (SAMP • PlAT + 5.~11BlE-~)•5.0E-7•Tf~P 
IFCSUR.EO.SUBH) GO TO 10 
PLAT = P T TOT - PlAT 
Ql = OlTOT - Ol 
1C LENGTH = DEll + CZ - PLAT 
IF(SUA.EO.SUAC) LENGTH= LGTH2- LENGTH 
12 K = K + 1 
IF(K.LE.26) Gr Tn 16 
K = 1 
J = J + 1 
1f: I'.TC(J,K) = TEMP 
LTL25CJ,K) = ClfNGTH + SAMP)/SAMP 
XCI)= TEMP 
YCI) = LTL2~(J,K) 
IFCJ.LT.5.0P.K.LT.26) GO TO ~ 
24 KK = 26 
IFCJ.EQ.1) KK = K 
WRITE(6,102) CSNAMECJS), JS =' 1, 12) 
00 22 S = lt KK 
RRITE(6,104) CNTCCP.J,S), LTL25CMJ,St, JoiJ 1, J) 
IFCS.EQ.K) J = J =- 1 
22 CONTINUF 
K = 0 
J = 1 
IFCTE~P.GT.8.BAA7.ANO.TEMP.LT.8.8A8q) (C TO 26 
3 T2 = TEMP 
2 CONTINUF 
2 t: 00 2 8 M = 1 , l 
BRANGE X ( 1) 
T~ANGE = XC It 
f' = 1 
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DO 3 2 P = 1 , 10 
IF(SA~PLT(M,Pt.EQ.O.ODO.OR.SA~PLT(M,P).(T.9.99qeoo.A~D.S~MPLTCM,P) 
2.LT.l.OOU GO Tn 28 
00 ~4 Q = o, t 
IFCOARSCXCOt - SA~PLTC~,Pt).LT.1.0D-10.0R.O.EO.I) GO TO ~t: 
34 CONTI"lUE 
3t: IF(O.EQ.1.ANO.O.EQ.It GO TO 4€ 
R = 1 
T = 0 
00 40 u = 0' Q 
T = T + 1 
IFCT.LE.25) \.0 TO 42 
T = 1 
R = R + 
42 WX(R,T) XCUt 
WY(R,T) YCUt 
IF ( U. E 0. Q t GO T 0 4 4 
IF(P.LT.S.OR.T.LT.25) GO TO 40 
44 WRITE(6,110) (SNAMECJS), JS = 1, 12) 
v = 25 
IFCR.EO.l) V = T 
DO 46 W = 1, V 
WRITEC6,104) (114X(Z,W), \I'IYCZ,._), l 
IFCW.FQ.T) R-= P - 1 
46 CONTINUE 
T = 0 
R = 1 
4C CONTINUE 
4e CALL LEASQ 
0 = Q + 1 
32 CtlNTINUF 
2e Cf'lNTINUE 






102 FORMAT('l',45X,l2A4// 11X,'TE~P',6X,'LT/L25 1 ,9X,'TEMP 1 , tX, 1 LT/l25 
2 1 , 9X,'TEMP 1 ,6X, 1 LT/L25',9X,'TEMP 1 ,6X, 1 LT/L25',qX,'TfMP 1 e6X,'lT/l2 
3 5. ) 
10 4 FORMAT ( 1 0' , 2 X, 5 ( 8 X, lit , 4 X , F q. 7 ) ) 
106 FORMAT~'1',61X,'fNO OF JOB') 
10e FO~MATflOF8.4) 
llC FORMAT(' 1',42X,'INPUT CATA TC BE ANALVlED CN THE FCLLOWI~G PAGES'/ 
2/46X 1 12A4//llX 1 1 TEMP 1 ,6X 1 1 LT/L25 1 1 9X, 1 1EMP 1 1 6X 1 1 LT/L25 1 1 GX 1 1 TEMP 1 , 
3 6 X, 1 l TIl 2 5 1 , q X , 1 T F M F' , 6 X , ' L T /l2 5' , 9 X, ' TEMP 1 , b X, 1 l T /l 2 5 1 t 
END 
203 
G. Main Program for General X-Y Data 
Using this program, it is possible to do statistical 
analyses upon any general X-Y data. The program must 






































GENERAL CASE ~~IN PRCG~AM FOR ) - Y CATA 
WRITTE~ BY RCY R RA~EY UP(tTEO AUGLSl. 1974 
THIS CAPO DECK IS PLACED IMMECIATELY BEFCRf THE'SUBRrLTINE LEASQ' 
CARD 
THIS PROGRAM ENAALfS C~~ TO CALCULATE A 1ST AND 2ND nPDER LEAST 
SQUARE ANAlYSIS CN GENERAL X-Y TYPE DATA. THE FIRST OATA CARO(S) 
ALLOW ONE Tfl PIVIOF THE ENTIRE OATA RAI\CE INTO 1 TO 10 CISCPETE 
SEGMENTS ~ITH AN ANALYSIS DONf UPON FACH SEGMENT. UP TC 10 OF 
THESE CAPOS ARF ALLCWFC, THEREfORE, THF FNTIPF DATA RANGE MAY AE 
ANALYZF.O I~ lC OJFFE~E~T WAYS 
T~E FIRST CARn(St CUP TO lOt ~RE THE HCU~OARY SELECTCRS. THE FIRST 
AOUNDA"Y CFOUAL TO THE LAST X vALUE tlF Tt-F. 1ST DESCRETE REGIONt IS 
PUNCHED t~ rr.LS 1 - A, THE 2ND AnUNDARY CEQUAL TC THE LA~l VALUE OF 
THF 2Nn DESCRETE REGir~) IN CCLS q- 1?, T~E 3RD IN 16- 24. ETC; 
UP TO 10 VALLES IF THE ENTIRE CATA RANGE IS TO BE ~f[IVIDEO 
I~TO OIFFEPFNT LfNGT~ SEGMENTS, SI~PLY ACO A DIFFERENT 2~C. ~RO, 
ETC CARDCS) ~ITH T~E APPROPRitTf 80UNCA~1ES PUNC~ED 1~. lC 
ANALYZE THE ENTIRE CATA SET AT ONE TI~E. PUNCH T~E LAST X vALUE IN 
THE lST ~ COLS OR PUNCH AN X VALU~ THAT IS NOT EQUAL Tn A~' OF THF 
X VALUES. IF THE FORMER M~THCr IS ISE(, T~E LAST X VALUE ~UST NOT 
HAVE APPFAREC PREVIOUSLY IN THE X DATA SET 
PLACE A BLANK CARD AFTER THIS CATA SET 
NOW THE X - Y CATA SET IS PLACED. UP TC 300 CARCS APE ALLCWEC. 
T~E VALUE OF X I~ PUNC~FD IN T~E 1ST 8 CCLS AND Y IN l~E £~0 B 
FOLLOWING THE LAST CARD PLACE A CARD WIT~ 8.8888 PUNCHED I~ THE 1ST 
8 COLS A f"'IFFEPENT DATA SET ~AY NflW eE PlACED; PUNCHED I~ THF 
SAME MAN~ER AS BEFCRE 
TO STOP THE PROGRA~, PLACE A ~.qqqq C~RC AFTER T~E LAST E.FP8A CAPQ 
R E A L* A P PAN f E , TRANG E , X ( 30 0 ) , Y ( 3 00 ) , SAp~~ L T C l 0, 1 0 t 
COMMO~ x,Y,SA~PLT,BRA~GE,TRA~GE,L.M,II 
1 co 2 l = l, 100 
READC5.100) CSAMPLT((,K), K = 1, lOt 
IFCI.EO.ll.OR.SAMPLTCI,l).EQ.C.ODO) GC TO 4 
JFCSAMPLT(I,lt.GT.9.9<;9POO.A~C.SAMPLTCI,1).LT.l.OD1) f,C lr lP 
2 CONTI~UE 
4 1 = ( - 1 
DO 6 1\4 = 1, 300 
REA0(5,1C0) X(N), Y(N) 
JF(X(Nt.GT.B.8887r.O.ANO.X(N).LT.8.8ABSCC) GO TO B 
6 CONTINUE 
e "' 2 "4 - 1 
L ::r 1 
I I = 1 ~ 
CALL OUTPUT 
N = N - l 
eRANGf = X(l) 
TRANGE = X(N) 
CO 16 1 I = 1, 
L = l 
CO 14 K = 1, 10 
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IFCSAMPLTC II,Kt.EQ.O.OCO.OR.S~MPLTC II,K).GT.9.9998DO.AND.SAMPLTCII 
2,K).LT~1.001) GO TO 16 
DO 10M = L, N 
IFCXCM).EQ.SA~PLT(JJ,K).OR.~.EQ.N) GC TC 12 
10 CONTINUE 
12 CALL OUTPUT 
CALL LEASO 
L = M + 1 
14 CONTINUE 
lE: CONTINUF 




102 FORMAT('l 1 ,6lX, 1 ENO OF J08 1 ) 
END 
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C THIS SUBROUTINE IS PART CF T~E GENERAL CASE MAIN PROGRA~ 
SUBROUTINE OUTPUT 
RE4l*8 WXC5,50),WY(5,50),X(300t,YC300),SAMPLTC10,10),8RA~GE,TR4NGE 
INTEGER O,P ,Q 
COMMON X,Y,SAMPLT,BRA~GE,TRA~GE,L,M,JI 
I = 1 
J = c 
CO 2 K = l, "'1 
J = J + 1 
IFCJ.LE.50) GC TO 4 
J = 1 
I = I + 
4 \ljX(J,J) X(l<) 
WY(I,J) Y(l<) 
IF(I<.EQ.~) GO TO 6 
IFCI.LT.5.0R.J.LT.50) GO TO 2 
6 IFCII.E0.12) wRJTE(6,100) 
IF(II.Lf.lO) WRITE(6,102) 
WR I T E ( 6, 1 06 ) 
c = 50 
IFCI.FQ.l) C = J 
00 8 0 = 1. 0 
WRITEC6,108) (WX(P,Ot, WY(P,C), P 1, I) 
IFtO.EQ.J) I = I - 1 
8 CONTINUE 
I = 1 
J = 0 
2 CONTINUE 
RETURN 
lOC FORMAT('1',E:lX,' INPUT CATA') 
102 FORMAT('l' 9 45X,•OATA TC RE A~ALYZEO C~ THE FOLLCWI~G PACES') 
lOE: FORMATC'0',5(13X,•x•,c;x,•v• )/) 
108 FORMAT(' •,tOX,5CF8.4,2X,FB.4,6X)) 
END 
207 
H. LEASQ Subroutine 
The subroutine is used in conjunction with any one 
of the preceding four main programs. Numerous statistical 
analyses are performed including a first and second order 
regression analysis. 
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C PLAC~ MAIN PPOGRAM eEFCRE THIS CARD 
SUBROUTINE lfASQ 
IMPLICIT REAL*8 (A-~,C-Z) 
REAL*B X(300t,YC300),CALCY1C300J,OELY11300J,CALCY2(300),CELY2C3001 
2,Yll~TBC300),Y1LMTTC300),Y2l~TBC300),Y2l~TT(300J,SAMPLT(l0.10t 
REAL.*4 PXC300), PYC300) 
CO~MON X,Y,SAMPLT,BRA~GE,TRA~GE,L,N,I 
NN = N - L + 1 
0 = NN 
IFCNN - U 2, 4, 6 
6 sx = o.ooo 
SY = O. 000 
SX2 :: O. 000 
SY2 = 0.000 
SXXRR2 = O.OCC 
SYYBR 2 = O. OOC 
SRI PX 0.0 00 
SRIPY 0.000 
SLOGX = O.OCO 
S L 0 c; Y = 0 • 0 00 
SAXAAR O. 000 






SX2BR2 = 0.000 
SXX2RR C.OOC 
SX2YBR 0.0()0 
EX V R 1 = 0 • 0 CO 
EXVR2 = C.OCO 
UEXVR.l = O. 000 





CO 8 K = L, N 
ZX X(K) 
zv ·vCK) 
sx sx + zx 
SY SY + ZY 
sx2 ~ sx2 + zx•zx 
SY2 = SY2 + ZY*ZY 
IFCZX.GT.O.OOO) SLOGX SLOGX + DLOGlOCZX) 
IFCZY.GT.O.ODO) SLOGY SLOGY + OLOGlCCZY) 
IFCZX.NE.O.OOO) SRIPX SRIPX + 1.000/ZX 
IFCZY.NF.O.OOO) SRIPY SRIPY + 1.000/ZY 
IFCZX.LE.O.ODO) MGXBAR = 1 
IF(ZY.LE.O.ODO) MGY8AR 1 
IFCZX.EO.O.CDC) MHXBAR l 
IF(ZY.EQ.O.ODO) MHYBAR 1 
!FCZX.LT.XMIN) XMIN ZX 
IF(ZX.GT.XMAX) XMAX = ZX 
IF(ZY.LT.YMJN) YMIN ZY 
IF(ZY.GT.YMAX) YMAX ZY 
8 CONTINUE 
XBAR = SX/0 
YSAR = SY/0 
X2BAR = SX2 /0 
00 10 K =- L, ~ 
ZX = X(K) 
ZY = Y(K) 
SXXBR2 = SXXBR2 + CZX - X8AP)*(ZX - Xf~P) 
SYYRR2 SYYBR2 + CZY - YBAR)*CZY- Ye~P) 
SXYBAR SXYBAP + CZX - XAAR)*(ZY - Yf~P) 
SXX2RR SXX28R + CZX - XBAR)*(ZX*ZX - ~2eAR) 
SX2YBR SX2YAR + lZX*ZX- X2eAR)*CZY- YAARt 
SX28R2 SX2RR2 + CZX*ZX- X2BAR)*(ZX*ZX- X28AR) 
SAXRAR SAXBAR + OABSCZX - XBAR) 
10 SAYBAR SA~R~R + OABS(lY - YeAR) 
IF( SXXBR2.L T.l.OD-16) GO TO 52 
A1 = SXYAA~/SXXBR2 
A1 = YBAR - Al*XB~R 
Y X 0 1 = 1 • 00-16 
IF(OARS(81).GT.1.00-16) YX01 = -Al/Rl 
on 12 K -= L, " 
EXVRl = EXVPl + (Al + et*X(K) - YBAR)*(Al + Rl*X(K) - Ye~P) 
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12 UEXVRl = UEXVR1 + (Y(t<)- A1- Bl*X(K))*(Y(K)- Al- Bl*X(K)) 
XRANGE = X~AX - XMIN 





CXBAR = DSORTCX2BAR) 





XVAR = SXXBR2/(0 - 1.000) 
YVAR = SYYBR2/(0 - 1.C00) 
XSD DSCRT(XVAR) 
YSD = DSQRT(YVAP) 
X~O = S~XAAR/0 
YMD = SAYBAR/C 
XCOEVR CXSD/XAAR)*1.002 
YCOFVR = CYSD/YAAR)*1.002 
XRELVR = XCCFVR*XCCEVP 
YRELVR = YCCEVP*YCOEVR 
HALF = C'/2.000 
[HALF = ~N/2 
JF(HALF.GT.IHALF) GO lO 14 
XMDIAN = (X(L+IHALf-1) + X(L+IHALF))/2.COO 
Y~OIAI\4 = (Y(L+IHAlf-1) + YCL+IHALf) )/2.000 
GO TO 16 
14 IHALF2 HALF + C.500 
X~OIAN = X(L+JHALF2-1) 
YMDIAN = Y(L+IHALF2-1) 
1~ XCOESK = C3.0CO*CXBAR- XMOIA~))/XSO 
YCOESK = 1. 0016 












SEYSO = YSO/OSQRTC2.000•Dt 
PEXSD = O.b74500•SEXSC 
PEYSD = G.b74500•SEYSC 
SEXVAR XVAR*OSQRT(2.000/(0- 1.000)) 
SEYVAR YVAR*OSORT(?.OCO/(C- 1.000)) 
PFXVAR = 0.6745DO•SEX~AR 
PEYVAR = O.t74SOC•SEY~AR 
SEXMO 0.602~CO•SEXBaR 
SEYMD = C.602AOO•SEYBAR 
PEXMD = 0.6745CO*SEXMO 
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PEYMD = 0.6l45DO*SEYMC 
SEXC~R=()COEVR/OSQRTC2.0DO*C))*OSORT(1.00C•2.000*CXRELVPt/l.004) 
SfYCVR=(YCCEVR/OSQRTC2.000*C))*OSQRTCl.CDC•2.0DC•CYRELVR)/1.004) 
PEX(VR = 0.6745DO•SEXCVR 
PEYCVR = 0.674500•SEYC~P 
cnvAR = sxve~R/CD- 1.ooo• 
NDF 1 = Nt\ - 1 
CAll FTD~TA(NCF1,FSTAll,TSTAT1) 
X~R95R XBAR - TSTATl•SEXB~R 
XBRqST = XRAR + TSTATl•SEXBAR 
YBR95B = YBAR- TSTATl*SEYBAR 
YAR95T = YAAR + TSTAT1•SEY8AR 
IF(SYYBR2.LT.1.0D-1b) GC TO 24 
COEOTl = EXVR1/SYY8R2 
IF(COEOTl.GT.l.ODOt CCErTt = 1.000 - l.CC-16 
COECR1 OSQRT(COEOT1) 
COENDl UEXVR1/SYYBR2 
PUEVRl = COEND1•l.OD2 
PEXVRl = COEOT1•1.002 
COEALl = DSQRT(COEN01) 
IF(~N.E0.2) GC TO 24 
CETER2 = SXXBR2*SX2BR2- SXX2eR•SXX28R 
82 = CSX2BR?*SXYBAR - SXX2BR*SX2YBRI/CETER2 
C2 = CSXXBR 2*SX2YRR - SXX2BR*~XYRAR)/CETER2 
~2 = YBAR - ez•xBAR - cz•xze~R 
tFCC2•C?.LT.4.000*C2•~2) GOlf 18 
YX02A = 1.0016 
YX02A = 1.0Clt 
IF(OABSCC21.LT.l.00-16) GO TC 18 
YX02A = (-82 + OSQRT(C2*C2- 4.0DO*C2•A2))/(?.000*C2) 
VX028 = C-B2- OSQRTCC2*C2- 4.0DO*C2*~2))/(2.0CO*C2) 
1 E 0'1 2 0 K = l , N 
EXVR2 = EXVR2 + (A2 + R2*XCKl + C2*X(K)•XCK) - YRAR)*CA2 + B2*X(K) 
2+ C2*X(K)*X(K) - YBAR) 
2C UEXVR2 = UEXVR2 + (Y(K) - A2- R2*X(K)- C2•X(K)*X(K))*(~(K) - A2-
282*X(K) - C2*X(K)*X(K)) 
COEOT2 = EXVR2/SYY8R2 






NOF 2 = NN - 7 
CALL FTOATA(NrF2,FSTAT2,TSTAT2t 
RESVRl = UEXVRl/CC- 2.0C0t 
IF(RESVP).LT.l.00-74t RESVRl = 1.00-74 
SEESTl = OSCRTCRESVRlt 
SDAl = OSQRTCCRESVRl•SX2)/SXXeR2t 
SOBl OSQR TC tD•RESVRlt/SXXBR2) 
SERl COENOl/OSQRTCO- 2.0CCt 
PERl 0.674SCO•SER1 
AlLMT = TSTAT2•SEESTl•OSQRTC(l.OOO/Dt • (XBAR•XeAR)/SXXPP2t 
BlLMT = CTSTAT?•SEESTlt/OSQRTCSXXAR2) 
AlL~TA Al - All~T 
AlLMTT Al + All~l 
ell PIIIT A = A 1 - B ll,.. T 
BlLMTT = Bl • Bll~T 
FPl EXVRl/RESVRl 
TRl = DS,RT (FRl) 
TBl = Bl•DSCRT(SXXAR2/RESVRlt 
IF ( NN. E Q. ~ ) GU Tn ? 4 
"'OF"' = N N - 1 
CALL FTr.ATACNOF3,FSTAT3,TSTAT3) 
RFSVR2 = UfXVP2/(0- ~.000) 
IF(RESVP2.LT.l.00-74) RFSVR2 = 1.00-74 
SEEST2 = ~SQRTCRESVR2t 
SOA2 DSOPT((R~SVR2•SX2t/SXXPR2t 
SOB2 DSQPl(CO•RESVR2)/SXXeR?) 
SER2 CCEND2/0SORTCO- 3.0DC) 
PER?. 0.674SCO•SfR2 












IFCMGXBAR.EO.C) WRITE(6,167) (XBAR 
IF(MGXBAR.EO.lt WRITEC6,168) 
IFCMGYBAR.EC.Ot WR[TEC6,170) fYAAR 
IFCMGYBAR.EC.l) ~PITEC6,172) 
WR IT E ( 6, l 04 ) 
(f(MHXBAR.EQ.O) WRITE(6,167) ~XBAR 
IF(MHXBAR.EC.l) WPITEC6,168) 






IFCSYYBR2.LT.l.OD-16) GO TO ~2 
JF(NN.GT.2t GO TO 26 
WRITEC6,l40) Al, Bl,SYYeR2,EXVRl,UEXVRl,PEXVRl,PUEVRl 
WRITEC6,142) CCEOTl,CCECRl,CCENOl,COEjll 
WRITEC6, 147) 
GO TO 34 
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IFCNN.GT.3) WRITEC6,l62t RESVR2 
IFCNN.EQ.3) WRITEC6,154) 
WRITE(6,ll0) COEOTl, COEOTZ, COECRl, CCECR2 
IFCNN.EQ.3) WRITEC6,156) SERl, PERl 
IFCNN.GT.3) WRITE(6,158) SERl, SER2, PEPl, PER2 
~RITEC6,111) COENOl, COEN02,COEALl,COEAL2,SEESTl 
IFCNN.GT.3) WRITEC6,1~2t SEEST2 
IFCNN.EQ.3) WRITEC6,154) 
IF(NN.EQ.3) WRITf(6,160) SOAl, SC81 
IFCNN.GT.3) WRITE(6,1~4) SOAl, SOA2, SCet, $082 
WRITEC6,196) Y~Ol 
IF(C2*C2.GE.4.000*C2*A2t WRITf(6,l63) Y~02A, YXC2B 
IFCC2*C2.LT.4.COO*C2*A2) WRilE(6,198) 
WRITEC6,125) 
IFCNN.EQ.3) GC TO 28 









GO TO 29 
2e LINE ::: 1 






IF(NN.E0.3) GC TO 30 
FRATC2 = YVAR/RESVR2 
IF(FRAT02.LT.l.000) FRAT02 = PESVR2/Y~AP 
WRITE(6,137) 
CALL TF(FR12,NOF3,FSTAT3) 





30 FRATOl = YVAR/RESVRl 
IF(FRATOl.LT.l.OOO) FRATOl PESVRl/Y~AR 
WRITE (6, 127) 
CAll TFCFR1,NCF2,FSTAT2) 
WRITE ( 6, 136) 
CALL TF(FRATOl,NOFI,FSTATl) 
GO TO 36 
32 WRITEC6,143) 
WRITE(6, 141) Al, Bl 
34 LINE ::: l 
36 IFCL.EQ.l) GO TO 42 
PllX = CRAl - Al)/(81 - RBI) 
PllY = Al + Al*PllX 
WRITE(6,174) 




RC = O.OCO 
CALL TERCP(RB2,Bl,RA2,~l,RC2,PC,BRANGE,TR~NGE,N[) 
IF(LLINF.EQ.2.ANO.LINE.EQ.l) kRITE(6,181) 
IFCSYYBR2.GE.l.OD-l6) GC TO ~E 
A2 = Al 
B2 = Bl 
C2 = O.OCO 





IFCND.GF.3.ANC.NN.GE.3) GO TC 40 
WR I TF C 6, 190 ) 
GO TO 4? 
40 CALL TERCP(RR2,A2,RA2,A?,RC2,C2,BRANGE,TRANGE,N~) 
IFCLLINE.f0.2.AND.LINE.EQ.2) WRITE(6,1Bll 
42 WRITE(6,107) CSA~PLTCI,KK), KK = 1, lC) 
NO = NN 
RAl = Al 
RBl = Bl 
IFCNN.NE.2l GC TC 44 
RA2 Al 
RB2 = 81 
RC2 = 0.000 
GO TO 46 
44 RA2 = A2 
RB2 = B2 
RC2 = C2 
46 LLINE = LINE 
NPAGE l 
N 1 = 0 
On 50 K L, N 
Nl = Nl + 1 
PX(Nl) = X(K) 
PY(Nl) = Y(K) 
IFCK.NE.NPAGE) GO TO 48 
WRITEC6,120) 
NPAGE = NPAGE + 52 
48 CALCYl(K) = Al + Bl*X(K) 
0 ELY 1 ( K t = Y ( K) - CALC Y 1 ( K ) 
WRITF.(6,122) X(K) ,Y(K),CALCYl(K),OELYl(K) 
IF(NN.LT.3) GO TO 50 
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YlLMT = TSTAT2*SEESTl*DSQRTCl.ODO + l.C00/0 + CXCK)- XBARt*CXCK) 
2- XBAR)/SXXBR2) 
YlL~TB(K) = CALCYl(K) - Yll~T 
YlLMTT(K) = CALCYl(K) + YllMT 
WRITEC6,123) YllMTBCK), Yll~TTCK) 
IF( SYYBP 2.l T.l.OD-16) GO TO 5C 
CALCY2CK) = A2 + B2*X(K) + C2*XCK)*X(K) 
OELY2(K) = Y(K) - CALCY2(K) 
WRITE(6,121) CALCY2(K), DELY2(K) 
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1FlNN.LT.4) GO TO 50 
Y2LMT = TSTAT3*SEEST2*DSQRTCl.OOO + l.OC0/0 + CXCKJ - xe,PI*CXCK) 
2- XBARJ/SXXeR2) 
Y2LMTR(K) = CAlCY2CK) - Y2l~T 
Y2LMTTCK) = CALCY2CKI + Y2LMT 
WRITEC6rl24) Y2lMTBCKJ, Y2L~TTCK) 
5C CONTINUE 





52 WRITEl6,112) XBAR 
RETURN 
2 ~RITEC6tl16) X(L), X(~) 
RETURN 
4 ~RITEC6,11A) X(L), XC~) 
RETURN 
lJO FOR~AT('l',5AX,'OATA GN X AND Y1 // 28X,'SLJ~j! OF X:',024.1E,33X,'SUM 
2 OF v:• ,024.16/ 26x,•su~ OF x•x:•,024.16,31X,•su~ OF v•v:•,024.16/ 
326X,'SUM OF 1/X: 1 ,C24.16,3lX,'SU~ OF 1/Y:',024.1b/ 24X, 1 SU~ CF LOG 
4 X:',024.16,29X,'SUM CF LOG Y:',024.16/ 16X, 1 SUM OF CX- XBAR)**2: 
5 1 ,024.16,21X,'SU~ OF CY- ve~R)**2:',C24.16/ l9X, 1 SUM OF IX- XBAR 
t:I:',0?4.16,24X,'SUM OF IY- YBARI:•,024.16/ llX,'SUM OF CX*X- X*X 
7 BAR)**2:',C24.16,13X,'SUM CF (X- XB~R)*(Y- YBAR):•,02~.16) 
101 FORMAT(' 1 ,2X,•SUJ~jt OF (X- X8~R)*CX*X- X*X BARt:•,024.16,8X,'SUM 
20F CX*X- X*X BARt*CY- YBAR):',024.1~) 
102 FORMATC'0',55X,'NUM8ER OF OAT~:',I4// 17X,'STANOARO ERROP•,tOX,'PR 
20BABLE EP~OR'/ 53x,•x•,ttx,•v•,ttx,•x•,t1x,•v•,ttx,•x•,ttx,•v•tt 3 
38X, 1 MINIMUM:',2Fl2.4/ 38X, 1 MAXIMUM:',2Fl2.4/ 40X, 1 RANGE:•,2F12.4/3 
47X,'MIORANGE: 1 ,2Fl2.4/ 41X,'~FAN:',6Fl2.4/ 34X, 1 MEAN OF x•x:•,Ft2. 
54/ 31X, 1 CUACRATIC MEA~: 1 ,2Fl2.4/ 31X, 1 GECMETRIC MEAN:') 
1 0 It F 0 R ~AT C ' ' , ~ 1 X , 1 H A R MO ~ I C ME AN : 1 ) 
10~ FORMAT(' •,38X, 1 MEOIA~: 1 ,6Fl2.4/ 37X, 1 VARIANCE: 1 ,6Fl2.4/ 27X,•STAN 
20ARD DEVIATION:',6Fl2.4/ 31X,'MEAN OE~IATICN:•,6Fl2.4/ 21Xt 1 CCEFFI 
3CIENT OF VARIATION:',6Fl2.4/ 27X, 1 RELATIVE VARIATION:',2fl2.4/ 22X 
4, 1 COEFFICIENT OF SKEW~ESS: 1 ,2Fl2.4/ 35x,•COVARIANCE:',C28.16// 56X 
s,•qs' CONFIDENCE LIMITS'//68X,'LOW 1 ,9X,'HIGH 1 // 53X, 1 MEAN OF x:•, 
6Fl0.4, 1 -•,Ft0.4/ 53X, 1 MEAN CF Y:•,Ft0.4, 1 -•,Ft0.4J 
107 FORMATC 1 C1 ,// 43X, 1 LEAST SQUARE BOUNCARY LIMITS FOR THIS CATA SET' 
211 l6X,l0Fl0.4) 
108 FORMATC'l' ,57X, 1 DATA CN THE LINES'// 49X, 1 FIRST ORCEP: Y = A+ B 
2*X'I 48X,'SECCNO ORDER: Y =A+ B*X + C*CX**2) 1 // 67X,'FIPST' ,tax, 
3'SECON0'// 56X,•A:',2C24.16/ 56X, 1 B: 1 ,2C24.16/ 56X,•C:',2~X,024.16 
4/ 42X, 1 TCTAL VAPIATI0~:•,202~.l6/ 38X 1 1 EXPLAINEC VARIATIC~:•,2024. 
516/ 36X,'UNEXPLAINEO ~ARIATION:',2024.16/ 27X, 1 EXPLAINEC VARIATION 
6 PERCENTAGE:',2024.16/ 25X, 1 UNEXPLAINEC VARIATION PERCENTAGE:',202 
74.16) 
110 FORMAT(' ',28X, 1 COEFFICIENT OF OETERMI~ATION:',2024.16/ ~1X, 1 COEFF 
21CIENT OF CORRELATION: 1 ,2024.16t 
111 FORMAT(' ',25X, 1 COEFFICIENT CF NONOETER~INATION: 1 ,202~.16/ 32X,'C 
20EFFICIENT OF ALIENATION: 1 ,2024.16/ 2X,'STANO OEV Of Y AeOUT THE l 
31NE- STANO EPROR OF ESTI~ATE: 1 ,024.l~t 
112 FORMAT(// 32X,'ANALYSIS YIElDS A VERTICAL liNE, THE ARIT~~ETIC MEA 
2~ OF X IS 1 ,F8.4) 
11~ FORMAT('1' ,58X,'OATA C~ X A~C Y1 // 23X, 1 NO VALUES OF X ~E~E PRESEN 
2T FROM',F8.4,' TO',F8.4,' THEREFORE NC ANALYSIS WAS POSSieLE') 
118 FORMAT(' I' ,58X, 1 0ATA CN X A~O Y'// 21X, 1 CNLY ONE VALUE CF X WAS PR 
215 
2ESENT FROM',F~.4, 1 T0 1 ,F8.4, 1 THEREFORE NO ANALYSIS -AS PCSSIBLE') 
120 FORMAl(' l 1 ,32X, 1 TABLE OF RESICUALS AND ~51 PROBABILITY LI~JTS Of P 
2REDICTION OF Y AT X'// 38x,•••••••••••••• FIRSi OROER •••••••••••• 
3 •~•••••••••• SECOND ORDER •••••••••••••! lqx,•x• ,qx,•v•,ax,•LI 
4~1TS OF PRED- Y CALC Y DIFFENCE LI~ITS CF PREC- Y CALC 
5 Y DIFFENCE 1 /) 
121 FORMAT( 1 + 1 ,97X 1 2Fl0.4) 
122 FORMAT(' 1 ,13X,2F10.4,22X,2F10.4) 
123 FORMAT( 1 + 1 ,!3X,F10.4r 1 -',Fl0.4) 
124 FORMAT( 1 + 1 ,75X,Fl0.4, 1 -•,Ft0.4) 
12~ FORMAT('0' 1 53X,'T TESTS ~5l SIGNIFICANCE'/ 6X, 1 T STAT DEG FP 
2EE T TABLE') 
127 FORMAT(' 1 ,55X,'COEFFICIENT CF CORRELATIO~ (FIRST)= 0?: 1 ) 
128 FORMAT(' ',54X,'COEFFICIENT CF COPRELATION CSECCNO) = 0?:') 
130 FORMAT(' ',74X, 1 A (FIRST ORDER)= 0?: 1 ) 
132 FOR~AT(' ',71X,'B (SFCCNO OROFR) = 0?:') 
134 FORMAT(' •,73X,'C (SECCNO ORCf~) = 0?: 1 ) 
135 FORMAT('0',51X,'F TESTS G~~ SIGNIFICANCE'/ SX,'F RAT!( OEG F 
?RFE F TABLf') 
13t FUPMhT(' ',44X,'VARIA~CE ABfLT LINE (FIPST) =VARIANCE AeCUT ~~AN? 
2:. , 
137 FflR~AT(' ',45X,'COEFF OF COR~E (SECCNC) = COEFF OF CORRf (fiRST)?: 
2' ) 
138 FOR~AT(' ',4~X,'V~RJA~CE AAOll LINE (5ECC~0) = VARIA~CE APCUT ~FAN 
2 ?: ., 
140 FORMAT( 1 1',57X,'OATA ON TI-E LINFS 1 // ~4)1, 1 FIRST CROEP: Y =A+ B*X 
2'11 56X,'A:•,C24.16/ 56X,'A:',024.16/ 42X,'TOTAL VARIATICr\: 1 ,024.1 
~6/ 38X,'EXPLAINEO VARIATION:' ,0?4.16/ :tX,'UNEXPLAI~EO VA~IATION:' 
4,024.16/ 27X,'EXPLAINED VARIATION P~RCE~TAGE:',C24.16/ 2~X,'UNFXPL 
5AINED VARIATirN PERCE~TAGE:',C24.16/ 4CX,'RESIOUAL VAR1A~CE:',3X, 1 
6NO CALC -ONLY 2 CATA') 
141 FrJRMAT('0',55X,'A:',024.16/ 5t:X,'R:',C24.16// 28X, 1 ADOITICNAL OATA 
2 COULO NOT ~F CALCULATEO AS THIS LINF IS PERFECTLY HCPllC~TAL 1 ) 
142 FrJR~AT(' ',28X,'COEFFICIENT OF DETERMJ~ATICN:',C24.16/ ?lX,'CCEFFI 
2CIENT OF CORRELATICN:',D24.16/ 9X, 1 STANCARO ERROR OF THE COEfFICIE 
3NT OF CORRELATION: NO CALC - ONLY 2 CATA'/ 9X,'PROBABLE ERRCR OF 
4 THE COEFFJCIFNT OF CCRRELATICN: NO CALC -ONLY 2 C~TA 1 / 25X,'CC 
5EFFICTENT CF NON-CETFR~INATICN:',024.lt/ ~2X,'CCEFFICIE~l OF ALIEN 
6ATION:',024.16/ 2X,'STANO OEV OF Y ABCLT THE li~E- STA~C ERRCR OF 
1 ESTIMATE: NO CALC- CNLY 2 DATA') 
14? FORMAT('0',4AX,'FIRST CROF.R: 't =A+ e•x•t 
147 FORMAT( 'C',40X,'N0 FOR T T~51S COULD RE PERFOR~ED- O~L't TW~ DATA 
2. ) 
152 FORMAT(' •,3qX,'RESIOL~L VARIANCE:',C24.16) 
154 FORMAT('+' 1 84X,'NO CALC- ONL't 3 DATA') 
15t FORMAT(' ',8X,'STANCARD ERRCR rJF THE CCEFFICIENT OF CrRRELATICN:', 
2024.16, 3X,•NO CALC- ONLY 3 CATA'/ 9X, 1 PRCBABLE ERRCR CF THE COEF 
3FICIENT CF CORRELATI0~:',024.16,3X,'N0 CALC- ONLY 3 DATA') 
15e FORMAT(' •,sx,•STANDAPO ERRCR OF THf CCEFFICIENT OF CORRELATION:•, 
22024.16/ qx,'PROBABLE ERROR GF THE COEFFICIENT CF CORRELATION:',20 
324.16) 
16C f8RMAT(' ',33X,'STANDARO DEVIATION CF A: 1 ,C24.lt,3X 1 1 NO CALC ONL 
2Y 3 DATA'/ 34X,'STANOARO DEVIATION CF 8: 1 ,C24.16,3X, 1 NO CALC- ONL 
3Y 3 DATA') 
162 FORMAT (I + 1 '91X,024.16) 
163 FOR~AT('+',81X,024.16/ 82X,C24.16) 
164 FOR~AT(' ',33X,'STANOARO DEVIATION OF A: 1 ,2024.l6/ 3~X,'STANOARO 0 
2EVIATION r"'F 8:' ,2C24.16) 
216 
165 FORMAT(' 1 ,46X, 1 A (FIRST ORCE~t:',Fl0.4 1 1 -•,Ft0.4/ 47X, 1 B CFIRST 
2CROERJ:•,Fl0.4e 1 - 1 1 Fl0.4t 
167 FORMAT{ 1 + 1 1 45X,F12.4t 
168 FORMAT('+',50X, 1 NO CALC') 
17C FORMAT~'+',57X,Fl2.4) 
172 FORMAT~'+',62Xe 1 NO CALC') 
174 FORMAT('0',76X, 1 X 1 , 9x,•v•, 9X,•x•, qx,'Y'/1 3X, 1 1NTERSECTION OFT 
2HE PRECEDING LINE (11 AND THIS LINE Clt- 1 POI~T:') 
176 FORMAT('+ 1 1 71X 1 2Fl0.4) 
178 FORMATC 1 + 1 ,76X,'OUT OF RANGE') 
18C FORMAT(' 1 ,1X,'INTERSECTICN CF THE PRECEDING LI~E (11 A~C THIS LIN 
2E 12)- 2 PCINTS: ') 
181 FORMATC 1 + 1 ,115X, 1 BEST I~TERCEPT') 
188 FORMAT(' •,lX,'INTERSECTION OF THE PRECEDI~G LINE (2) ANC THIS LIN 
2E (1)- 2 POU~TS:') 
l9C FORMATC 1 + 1 ,72X, 1 NO CALC- Ell~ER LINE ~~S ONLY 2 DATA') 
194 FORMAT(' 'elXr'INTERSECTION CF THE PRECEDING LINE (2) ANC THIS LIN 
2E (2) - 2 PCif\TS:' t 
lq~ FORMAT(' 'r30Xr'INTERSECTIO~ ~T THE X AXIS:',024.16) 
1qe FORMAT('+' ,88Xr' IMAGI~ARY') 
19~ FORMAT( 1 0 1 1 39Xr 1 DATA COULD NCl BE PLOTTEC- THE SLOPE IS EQUAL TO 











CF = NOF 
IFCNOF.LE.15t FSTAT = FCNOF) 
IFCNOF.lE.30a TSTAT = TC~OF) 
IF(NOf.lE.l5) RFTURN 
4 FSTAT = 2.8~2100 - 16.66670-2 - l.OOO/CF)•2.~85t01 
IF(NOF- 70) 6, 8, 10 
10 FSTAT = 2.464500 - 10.50-1 - l.OOO/OF)•2.~42401 
IF(NOF- 24) 6, 12, 14 
14 FSTAT = 2.269300- (4.16670-2 - 1.00C/Cf)•2.~44801 
IFCNOF- 30a 6, 16, 18 
te FSTAT = 2.073900 - (3.33330-2 - 1.000/Cft•2.384401 
TSTAT = 2.04200- ( 3.~~330-2 - 1.0DO/CF)•2.5200 
IF(NOF - 40) 6, 20, 22 
22 FSTAT = 1.875200 - (2.50-2 - l.OOO/OFa•2.50081 
TSTAT = 2.02100- (2.50-2- 1.000/0F)*2.5200 
IF(NOF- 60) 6, 24, 2~ 
26 FSTAT = l.6~6qoo- (1.66670-2 - 1.000/Cf)*2.809201 
TSTAT = 2.0CO- 11.66~70-2- 1.000/0Ft•2.400 
IF(NOF - 12C) 6, 28, 30 
8 FSTAT = 2.4~45CO 
RETURN 
12 FSTAT = 2.7693CO 
RETURN 
16 FSTAT = 2.01~900 
RETURN 
20 FSTAT = 1.875200 
TSTAT = 2.02100 
R~TURN 
24 FSTAT = 1.666800 
TSTAT = 2.0CO 
RETURN 
28 FSTAT = 1.432700 
TSTAT = 1.9qno 
RETURN 
30 FSTAT = 1.000 









102 FOR~AT! 1 + 1 ,Cll.4,5X,I~,4X,Fll.4) 
104 FORMATC'+',q6X, 1 NC 1 ) 






I F ( N .t T • ~ ) GO T 0 4 
IFCOABSCC- RC).GT.l.CC-74) CC TO 6 
WR I TE ( 6, 100 t 
WRITE(6,104) 
RETURN 
6 PX = CB- RB)*CB- PB)- 4.CCO*CA- PA)*(C- RC) 
IFCPX.LT.O.OOO) GO TO 2 
PXA ((RB- ~) + OSQRT(PX))/(2.000*CC- PC)) 
PXB ((RA- A)- OSQRTCPX))/(2.000*((- PC)) 
PYA A + R*PXA + C*PXA*PXA 
PYB A + B*PXe + C*PXe*PXB 
IF(PXA.GE.BRA~GE.ANC.PXA.LE.TPANGE) WRITEC6,102) PXA, PYA 
IF(PXA.LT.BRA~GE.OR.PXA.GT.TR~NGE) WRITEC6,100) 







lOG FnRMATC'+',76X,'CLT OF RANGE') 
102 FORMAT('+' ,71X,2Fl0.4) 
10~ FOR~Al{'+',S6X,'CLT OF RANGE') 
106 FOR~AT( 1 +',91X,2Fl0.4) 
lCe FORMATC'+ 1 ,71X,•*************** I~AGI~ARY ******~****-**-') 
110 FORMAT( 1 +',72X,'ONLY 2 CATA FOP THE SECCNC ORDEF LINE') 
END 
220 
SUBROUTINE PPLT (X,Y,~) 
c 
C ROBERT M. DOERR, BU MINES, FEe '70. 
c 
C PRIOR Tn CALLING PPLT, VECTCRS X ANDY ~UST HAVf BEEN DI~E~SICNED 
C AY AN INTEGER CONSTANT EQUAL TO N. 
c 
REAL X(3C0) ,Y(300),YMAR(6),X~tR(ll) 
PH EG E R l A ( 7 5 ) , l A ( 2 6) , ll ( 5 ) I'- ' , 4 *' I ' I, 
3JAI'1PE1'1,JA/'0.2,'1,JCI'lCX, 1 I,JOI' 'I,JEI',1H+'I,JFI 1 tlH 1 /, 
4F ~ T 1 ( q, I' ( 1 c X. ' '2' ' ' 3. ' ' T 2 ~ ' ' ' • A 1 ' T. ' '6 6. ' ' '1 H + I ' • T 12 5. ' • 'A 1 , • I' 
5 F MT 2 ( 5) I ' ( 1 H +' , ' , T ' , ' ~ ' , ' , 1 H + ' , ' ) ' I , NU ( 101 ) 
EQUIVALFNCE (NU(l),LA(1)),(NU(76),L8(1)) 
CATA LA 1'24','25','2t:.','27','2e','29'~~'30 1 , 1 31 1 , 1 32','33 1 , 
1 1 34','35','36 1 , 1 37','38','~'1 1 , 1 40','41','42' 9 '4~ 1 , 1 44 1 , 1 4~·.•46 1 , 
2 1 41' , ' 4 A' , '4 q' , ' 50 1 , ' 51 ' , ' 5 2 ' ' , ' '53' , ' ~ 4 ' , ' 55' " ' 56' , ' 57 1 , ' ~ 8 ' , 1 59 1 , 
~ t 6 0 t t I 6 1 I t t 6 2 t t t 6 3 t t t t:_ 4 t t I 6 5 I t I 66 I t t 67 t t I 6 8 I tJ I 6 9 I t I 7 0 t t I 71 I t I 72 I t 
4 '73','74','75', 1 76','77','78','79','AC 1 ,'81't'82','e?•, 1 E4 1 t 1 85 1 , 
5 • 8 6. ' • 8 7 I ' ' 8 8 I ' • 8 9' ' I 9 c' ' • c; 1 I ' ' q 2 • ' • q 3 • ' • 94. ' I 9 5. ' • 9 6. ' I <;7 • ' • q 8 • I 
CATA LB 1 '99','10o•,•tc1','1o~·.•to3•,•1c4•, 1 105','106', 
l 1 107','108','109','110','111','112 1 r'1l?'e'114','115','116', 1 ll7 1 , 
2'118','119','120 1 , 1 121','12~ 1 .'123','124'/ 
IX(A,XMt~,XDIFl = IFIX(((A-XMIN)IXDIF)*100. + 1.49'1999) 
IY(A,YMI~,YOIF) =52- IFIX(((A-YMINliYCIF)*50. + 1.4999~9) 
C BURBLER TO CROER ON Y-VALUES. 
~ = N 1 
DO 2 2 1 , M 
l = I + 1 
en 2 2 J L , ~ 
IF (Y(I).GE.Y(J)) GO TC 22 
A= Y(J) 
Y(J) = Y(J) 
y ( J) ::: A 
A= X(l) 
X(l) = X(J) 
X(J) -== A 
22 CONTI"'UE 
C FINO MAX AND ~IN VALUES, ANC ~AKE LABElS FCR AXES. 
XMIN X(l) 
XMAX = XMIN 
en 1 1 = l,N 
IF (Xii).GT.XMAX) XMA) X(J) 
1 IF (X~Il.LT.Xpot(N) XMI~ XCI) 
XDIF XMAX XM(~ 
YMIN Y(N) 
YDIF Y(l) YMIN 
DELX XCIF*.1 
CELY YDIF*.? 
00 43 1=1,11 
TT = J - 1 
4 3 X._. A R ( I ) = X M I N + T T *0 E l X 
DO 50 1=1,6 
TT = 6 - I 
5C YMAR (I)= YMIN + TT*DELY 
C PLOT Y VS X. 
WRITE ( 6, 40 ) 
40 FORMAT (lHl) 
WRITE (6,41) 
41 FORMAT (23X,lHI.lOC'---------I't) 
M = 0 
on 87 I = 1, s 1 
..J..J= LL C I- 5* C C t -1 t /5 t ) 
IF CIYCYC~+U,YMII'\,YOIFt.NE.t) GO TO 85 
M = M + 1 
FMT1(6) = NUCIX(X(P'),XMIN,XCIF)) 
GO Hl 86 
85 FMT1(7)=..JF 
8 t I F ( ( 1- 1 O• ( 1/1 0 ) ) • E Q • 1 ) GO T C 8 1 
FMT 1 ( 2) = JC 
FMT1(3) = JC 
WRITE (6,FMTl) J..J,..JJ 
GO TO 8? 
81 FMT1(2) = JA 
FMT1C3) = ..JB 
~RITE (6,FMl1) Y~AR(l+l/10) ,JJ,JJ 
82 l=M+l 
IF (L.GT.I'\) GC TO 87 
00 83 J = l, N 
IF (IY(Y(J),y,..y~,YOIF).NE.I) CO TO 87 
~ = M+1 
FMT2(3) ~ NUCIX(X(P'),)MJN,XDIF)) 
83 WRITE (6,FMl2) 
87 F~Tll 7) = ..JE 
WPITEC6,41) 
WRITE (6,44) XMAR 
44 FORMAT ( 17X,lPllE10.2) 
RETURN 
ENO 
221 
